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ERRATA AND CORRIGENDA.

Vol. XVI. Part I.

Page i, line 5, for two others read four others.

„ xxxiv, ,, 16, insert comma between Orthis and Spirifer,

„ xl, „ 1, for Turbellaria read Terebettaria.

„ „ „ 4, for Balanus ttibidanis read Belemnites tubularis.

„ xlviii,
,, 32, for luce read lucem.

„ li, line wanted between " Csenozoic" and " Mesozoic" in Table.

,, It, ,, 8, for " tantum" &c. read " Tantum am" &c,

„ 67, line 13, for Clewyd read Clwyd.

„ 78, „ 44, & p. 79, line 7, for Yordale read Yoredale.

„ 110, „ 41, for those read that.

,, 118, ,, 25, dele Ordnance.

„ 158, ,, 3, for position read portion.

„ 170, last line, for ke read like.

„ 186, line 7, 8, & line 19, for Nutnoor read Hatnur.

„ „ „ 7, for Munoor read Mamir.
,, 188, ,, 20, insert Succinea before Nagpurensis.

„ ,, „ 43, for Leithii read Leithi.

,, 191, ,, 7, for Amiens read Abbeville.

,, „ ,, 48, dele resulting from mechanical forces.

„ 262, „ 7, dele Abstract.

,, 289, ,, 27, dele comma after Latanof.

„ 290, „ 1 in note, for on read in.

„ „ ,, 2 in note, for lake read lakes.

„ 292, „ 32, after Moll insert (1803).

„ 302, „ 33, for trihedral (or Cristellaria, &c. read trihedral Cristellaria

(Saracenaria of Defrance), and.

„ 321, „ 1, insert Eed after Old.

„ 424, ,, 9 & line 11, for Correbuichill read Correbuiehill.

„ 436, „ 40, for Aviculopecten? read Ammonite*!

„ 438, „ 31, after "Whale, insert Bell Sound, imbedded in moss, about
30 feet above the sea-level.

„ ,, ,, 33, after sea-level, insert Erom an entire skeleton.



EXPLANATION OF THE PLATES.

Plate Page
1. 1 Fossil Skulls of Oudenodon, Ptyciiognathus, Galesaurus,

II.
J-

AND Cynochampsa, to illustrate Professor Owen's paper on some
III.

I
Reptilian Fossils from South Africa to face page 62

IV. Comparative Sections of the Oolite, Lias, and Trias, to illus-

trate Mr. E. Hull's paper on the South-easterly Attenuation of

the Lower Secondary Formations of England 80

VI. Fossil Shells. Insects, and Entomostraca from Nagpur. Ra.ta-

VII. I jiaxdri, and Narbadda. to illustrate the Rev. S. Hislop's paper
VII T. f on the Tertiary Deposits associated with Trap-rock in the East

IX.
I

Indies 154

x.;

XI. A Flint Implement from Amiens, to illustrate Mr. J. W. Flower s

paper on a Flint Implement discovered at the' base of some beds

of Drift-gravel and Brick-earth at St. Acheul, near Amiens l'JO

(
Map of the Volcanic Phenomena of the Auckland District

XII.
I

and Panoramic View of the Northern Shore of Auckland,
XIII. 1 to illustrate Mr. C. Heaphy's paper on the Volcanic Country of

Auckland, New Zealand 242

XIV.
iXV.

I
Fossils from Bahia, to illustrate Mr. S. Allport's paper on the

\ \'I. I Discovery of some Fossil Remains near Bahia in South America 263
XVII. J

XVIII. Geological Map of the Parish of LbsmahaGO and Sections

of Lesmahago and the Pentland Hills, to illustrate Air. A.

Geikie's paper on the Old Red Sandstone of the South of

Scotland 312

XIX I

^0SS,L F< »ra m i

n

i ff.r \, to illustrate the paper of Messrs. T. Rupert

XX 'loin s and W. K. Parker on some Fossil Foraminifera from
"

[ Chellaskm near Derby 4f>2

Maps and Section < or the Northern Part or South America,
to illustrate Mr. <>. P. Wall's paper on tin- Geology of Venezuela

and Triuidnd 40(1





GEOLOGICAL SOCIETY OF LONDON.

ANNUAL GENERAL MEETING, FEB. 17, I860.

REPORT OF THE COUNCIL.

In presenting their Annual Eeport to the Geological Society, the

Council have to congratulate the Fellows on the nourishing state of

the lists and finances. Although they must record with regret the

loss hy death during the past year of twenty-two Fellows,—making,

with the resignation of two others and the removal of two defaulters,

a total diminution of twenty-eight,—the addition of fifty-four

Fellows newly elected, with twelve who were previously elected and
who paid their fees in 1859, gives a total increase of no less than

thirty-eight ordinary Fellows.

Two Foreign Members have been elected in lieu of two deceased,

besides whom the Society has lost by death one personage of

royal blood and two Honorary Members.
The total number of the Society at the close of 1858 was 872;

at the close of 1859, 907.

The Income during 1859 has exceeded the Expenditure by
£234 13s. hd. In the disbursements is included the sum of

.£123 14.s. So7., expended on the revision of the Grccnough Map,
on Books, and on the Museum, in accordance with the bequest of the

late Mr. Greenough.

The amount of funded property remains the same as last re-

ported, viz. £4578 19s. Id., including Mr. (Jreenough's legacy of

.£500. Of this latter sum, the total amount of £185 18s. Sd. has

been disbursed as follows:—

On the Greenough bequest of books ...

On the revision of the Greenough Map
On the Museum

£ s. (/.

67 7 8
68 11

£186 9

VOL, xvi.
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and has been temporarily liquidated out of the ordinary expenditure

of the last four years.

The Council have to announce the completion of vol. xv. of the

Quarterly Journal, and the publication of the first part of vol. xvi.

They moreover recently resolved that the Abstracts should no longer

be published for distribution,—and that, taking into consideration

the desirableness of bringing up the arrears of publication, a full

Number of the Journal be published as a Supplement to the volume
for 1859.

In pursuance of the announcement made in the Report of the

Council of last year, a Special General Meeting of the Society was
held on the 15th of June last, at which it was resolved that new
Bye-Laws (Section VI. A., p. 9,) should be enacted, to the effect

that Non-resident Fellows proposed and elected on and after the

2nd of Nov., 1859, should pay an Admission Fee of Six Guineas,

and an Annual Contribution of £1 lis. 6d.

The Council have to report that two sheets of the new edition of

the Greenough Map are now ready for publication, and that the re-

mainder are in an advanced state.

A resolution has been passed, in order to increase the facilities for

receiving the Journal, that the Non-resident Fellows who were
elected before the 30th of Nov., 1859, be allowed to compound for

future annual payments on account of that publication by a compo-
sition of £6.

In order to enable the Special Committee to carry out the re-

arrangement of the Museum, the sum of .£50 from the Greenough
bequest has been placed to the credit of that Committee. The Council

have also voted a sum of £50 for the purchase of books reported on

by a Committee as greatly required in the Library.

The Council have to announce the handsome bequest to the

Society of £300 by the late Mr. John Brown, of Stanway, and the

donation of £20 by Sir Thomas Phillipps, Bart., of Middle Hill.

Lastly, the Council have to state that they have awarded the

Wollaston Medal to Mr. Searles V. Wood for his contributions to our

knowledge of the Testacean Fauna of the later geological periods,

and especially for his valuable work on the Crag Mollusca. The
balance of the proceeds of the "Wollaston Donation Fund are awarded
to Messrs. T. Rupert Jones and W. K. Parker, to aid in their further

researches on Recent and Fossil Foraminifera.

Report of the Library and Museum Committee.

Museum.

The Committee will first give an account of the Museum, as it

cannot be doubted that the efficiency of the Geological Society as an

instrument for promoting and extending sound geological knowledge

must materially depend on the manner in which its Museum is

arranged and rendered available to the student and inquirer, both of

our own and of foreign countries. During the past year many
valuable suites of specimens, both British and foreign, have been
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presented to the Society by Sir 11. I. Murchison, M. Boucher de

Perthes, Mr. Horner, Mr. Heaphy, Dr. Atherstone, and others ; but

your Committee are obliged to state that, though some of these have

been placed in drawers, the majority are not yet definitely arranged, for

want of room,—thereby adding to the difficulty and confusion pre-

viously existing from the same cause, rather than tending to promote
the interests of geological science.

Some little additional space for cabinets might be found in the Upper
M useum ; but your Special Committee, reappointed immediately after

the last AnniversaryMeeting, appearwisely to have considered that any
remedy short of a careful re-examination of the entire Museum, and
a re-arrangement of its contents, on some fixed principles, would only

be a palliation, not a cure, of the evil so long complained of. It is,

then, to this work of revision that your Special Committee appear to

have given their iminterrapted attention during the past year ; and
it is evident that the same attention will be required to be given to

it for a long time to come.

Some very important steps have been already successfully made
towards the attainment of the preceding object,—namely, 1st. The
collection of Recent Shells has been arranged and catalogued by
Mr. Woodward, and, being placed in the Library, is most convenient

for study or reference. 2nd. A Typical Collection of llocks has been
completed. The formation of this collection has been materially

assisted by the discovery in the Museum of a systematic collection of

271 specimens of rocks, formed at Freyberg, fifty years ago, illus-

trating the nomenclature of the school of Werner. A catalogue of

the whole with illustrative notes has also been prepared; and your
Committee cannot but hope that this collection will materially tend

to promote a greater amount of precision in the description of rock-

masses, and thus bring into correlation, not merelj* the palooontolo-

gical, but aLso the physical and lithological condition of different

portions of the Earth. 3rd. The Collection of simple Minerals is

now in order ; and, the place of each mineral in the cabinet being

noted in the Libraiy-copy of Phillips' ' Mineralogy' (the collection

having been arranged according to that system), reference is no
longer attended with any difficulty, and the collection has become
practically useful.

The residt of the laborious examination of the Rock -specimens,
effected by one of the members of the Special Committee, has de-

monstrated the obvious advantage of a similar revision of the fossil

specimens. It is manifest that a satisfactory arrangement of these

specimens cannot be accomplished so long as there is any uncertainty

as to the amount of space disposable for their accommodation ; and,

therefore, it is recommended that an additional cabinet should be

placed at the disposition of the Committee.

It appears that much voluntary aid has already been afforded

towards the re-arrangement of the collections of fossils ; the Kcv.

T. Wiltshire Inning undertaken, and made considerable progress

in, the examination of the Chalk Fossils ; Mr. Salter in that of the

Palaeozoic Fossils, up to the Devonian (of which the Upper Siluriuu

a 2
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Series has been completed) ; and Mr. Etheridge has promised to

undertake that of the Oolitic Series, which occupies 154 drawers.

Without doubt, this and other voluntary aid which may be expected

from many of our Members will do much towards the renovation of

our Museum,—or rather, the establishment of a Museum such as it

ought to be ; but a perusal of a primary Catalogue of the Foreign

Collection, drawn up by Mr. Horner, and the observation of the

numerous undescribed specimens from all quarters of the world

which it records, impress on your Committee the conviction that

something more is required—nay, is absolutely indispensable.

The attention of Mr. Jones is every day more and more absorbed

by the preparation for publication of the Journal,—a work on the

character of which the reputation of the Society so much depends

;

and, although he has doubtless received much assistance from Mr.

H. M. Jenkins, engaged in March 1859, and of whose assiduity and

useful exertions he reports most favourably, it is evident that it was
more in his character of Librarian than in that of Curator that he has

principally benefited by Mr. Jenkins' assistance. Your Committee

therefore fully concur with the Special Committee in recommending
that a second temporary assistant should be appointed at a salary of

15s. per week. Such assistance, by relieving Mr. Jones and those

Members who have so kindly assisted in the work of re-arranging

the Museum from much manual or mere mechanical labour, will, it

is hoped, accelerate the time when, the collection being weeded of all

superfluous specimens, it will be possible to adopt and carry through

a sound philosophical principle of arrangement. It is for your Special

Committee to devise and mature the system of arrangement which to

them appears the best fitted for securing this great object ; and it is

only for your present Committee to state that they fully concur in

what that Committee has hitherto proposed
;
namely, that, at least

in the first instance, the stratigraphical shall be subordinate to the

geographical arrangement, as by this means the true succession of life

in various regions will be more faithfully exhibited, and the correlation

of one with another be facilitated.

Your Committee also consider that the Special Committee has acted

most wisely in concentrating their attention principally on the Foreign

Collection, as it is known to us all that for British geology the Museum
in Jermyn Street affords every facility for reference ; whereas the

Museum of the Geological Society, when once placed in proper order,

will be invaluable to those who desire to become acquainted with the

details of foreign geology.

Your Committee trust that they have said enough to prove that

active exertions are now being made, and in the right direction,

to render the treasures in the Museum really available for the ad-

vancement of geological knowledge.

Library.

The necessary re-distribution of books on the shelves referred to in

the last Report has been duly attended to, and completed ; the new
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press-marks and the entries in the Catalogue having been perfected.

The condition of the Catalogue of Reference has been greatly im-
proved.

The Alphabetical Catalogue of Books acquired since the year 1854,
including those bequeathed by the late George Bellas Greenough, Esq.,

is in course of being printed.

The shelves last added in the Meeting-room are fully occupied,

and chiefly by periodicals. There is a "wall-space in the Library

which may be made serviceable for additional book-shelves at the

expense of =£8. Your Committee recommend that this space be thus

employed ; it can be made available by the removal of some old maps
into another position.

The usual binding of books and mounting of maps have been care-

fully attended to, and the arrangement of the map-cases is being-

improved.

The general state of the Library is satisfactory.

Among the numerous donations, we may point out that Sir Charles

Lyell has liberally contributed to our library many books and
pamphlets, among which are some rare and useful works. Through
the kindness of Sir Roderick Murehison, Director-General of the

Geological Survey, the Society has been favoured by Government
with the newly coloured edition of the Maps of the Geological Survey
of Great Britain. Prof. Agassiz has presented his unpublished draw-
ing of Fossil Fishes.

The Council have had the satisfaction of being able to devote the

sum of £50 to the purchase of British and foreign books on Geology

and the associated sciences.

The acquisitions from Foreign Societies during the past year, in

exchange for our publications, have been larger than previously.

Your Committee beg to repeat the suggestion that the List of

British and Foreign Institutions receiving the Quarterly Journal

gratis be revised.

One of the Fellows has been repeatedly and ineffectually applied

to for three valuable books, which have been in his possession since

April 1857. One volume each, of the * Journal des Mines.' and of

our 'Transactions,' are still absent since Oct. 1, 1850, although

much exertion has been made towards their recovery. All trace of

the Member offending is for the present lost. Some books long

missing have lately been restored to the Library after considerable

efforts.

Your Committee will conclude their Report on this especial head
of the inquiry, by recommending that, in applying a certain portion

of the funds of the Society to the augmentation of the Library, rare

should be taken first to supply any deficiencies which may c xi^t in

works of positive Geological and I'alteontological interest.

LEOXAKI) HORNER.

J. J. BIGSBY.

j. k. I'oirn.ocK.
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Comparative Statement of the Number of the Society at the close of

the years 1858 and 1859.

Dec. 31. 1858. , Dec. 31, 1859.

Compounders 121 120
Residents 192 200
Non-residents 493 524

806 844
Honorary Members 12 10

Foreign Members 50 50
Personages of Royal Blood . . 4—66 3—63

872 907

General Statement explanatory of the Alteration in the Number of
Fellows, Honorary Members, Sfc. at the close of the years 1858
and 1859.

Number of Compounders, Residents, and Non-residents,

December 31st, 1858 806
Add Fellows elected during former | Residents .... 5

years, and paid in 1859 . .

J
Non-residents . 7—12

Fellows elected and paid during ) Residents .... 21
1859

J
Non-residents . 33—54

66

872
Deduct Compounders deceased 5

Residents „ 5
Non-residents „ 12
Resigned 4
Removed 2

28

Total number of Fellows, Dec. 31st, 1859, as above .... 844
Number of Honorary Members, Foreign Members, and

\ ""gg
Personages of Royal Blood, Dec. 31st, 1858 . .

J

Add Foreign Members elected during 1859 2

68
Deduct Foreign Members deceased 2

Honorary Members ,, 2
Personage of Royal Blood deceased 1

5

As above 63
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Number of FeJloivs liable to Annual Contribution, as Residents, at the

close of 1859, with the alterations during the year.

Number at the close of 1858 192
Add Elected in former years, and paid in 1859 5

Elected and paid in 1859 21

Non-residents who became Eesident 2

220
Deduct Deceased 5

Resigned 4
Removed 2
Compounded 4
Became Non-resident 5

— 20

As above 200

Thomas Brandram, Esq

L K. Brunei, Esq.

Dr. R. Bright.

W. J. Broderip, Esq.

Deceased Fellows.

Compounders (5).

N. Malcolm, Esq.

Sir G. T. Staunton.

R. Stephenson, Esq.

Residents (5).

Baron de Goldsmid.

Henry Hallam, Esq.

Dr. Horsfield.

William Anstice, Esq.

John Brown, Esq.

Dr. John Booth.

Joseph Carne, Esq.

Lieut.-Gen. Earl Cathcart.

W. P. Craufurd, Esq.

Non-residents (12).

Dr. J. G. Croker.

W. N. Forbes, Esq.

Rev. Dr. W. Jenkvn.

W. K. Loftus, Esq.

Sir James Ramsay.
Samuel Stutchbury, Esq.

Prof. Cleaveland,

David Mushet, Iisq.

Foreign Members (2).

Baron von Humboldt.

Honorary Mtmbers (2).

I
Rev. William Turner.

/'< rsonayr of Ilaynl Mood.

Archduke .1 <>lm of Austria.
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The following Persons were elected Fellows during the year 1859.

January 5th.—John Ford, Esq., Market Easin, Lincolnshire ; J. F.

Josephson, Esq., Sydney ; and C. F. Humbert, Esq., Watford.

19th.—John Cavafy, Esq., Westbourne Terrace ; William

Whitaker, B.A. (Lond.), Geological Survey of Great Britain ; and

T. W. Atkinson, Esq., Old Brompton.

February 2nd.—Gennaro Placci, Esq., Florence ; J. H. Sylvester,

Esq., Malcoa, India ; and J. F. Whiteaves, Esq., St. John Street,

Oxford.

23rd.—John Bainbridge, jun., Esq., Fishergate Villa, York ;

Bichard Trench, Esq., Geological Survey of Great Britain ; Dr.

William Francis, Bichmond ; John Johnes, Esq., Dolau-Cothy,

near Llandeilo ; and Bev. T. W. Norwood, Cheltenham.

March 9th.—Thomas Codrington, Esq., Alresford, Hants ; Walter

Freeman, Esq., Brighton College ; B. F. L. Jenner, Esq., Cardiff;

Professor George Busk, Harley Street ; John Hedley, Esq., Derby
;

Lonsdale Bradley, Esq., Bichmond, Yorkshire; and John Miller,

Esq., Thurso, N.B.

23rd.—Capt. James H. Beid,Weymouth Street ; Bobert Mallet,

Esq., Dublin ; John McLandsborough, Esq., Bradford, Yorkshire
;

Charles Batcliff, Esq., Downing College, Cambridge ; Archibald

Geikie, Esq., Geological Survey of Great Britain, Edinburgh ; and

John Hamilton Clement, Esq., Kensington.

April 6th.—James Phillips, Esq., Brixton Boad ; John Leckenby,

Esq., Scarborough ; John E. Lee, Esq., Caerleon, Monmouthshire

;

and Charles Gould, Esq., Geological Survey of Great Britain.

20th.—Bobert F. Williams, Esq., Coleshill Street, Eaton
Square; and P. D. Tuckett, Esq., Holford Square.

May 4th.—Matthew Moggridge, Esq., Swansea ; F. J. Mitchell, Esq.,

Newport, Monmouthshire ; and Dr. Thomas Wright, Cheltenham.

18th.—Bichard Meeson, Esq., Grays, Essex ; Graham Stuart,

Esq., Sheffield ; and Colonel S. C. Stepney, Llanelly, South Wales.

June 1st.—James Lamont, Esq., Knockdow, ArgyUshire ; and
William Longman, Esq., Hyde Park Square.

15th.—Major William E. Warrand, Southwell, Notts.

November 2nd.—William Fryer, Esq., St. John's Wood; Henry C.

Salmon, Esq., Plymouth ; and Bev. Samuel G. Phear, M.A., Em-
manuel College, Cambridge.

16th.—J. H. Tolme, Esq., Queen Square, Bloomsbury ; Thomas
Harlin, Esq., M.A., Duke Street, Westminster; John Lancaster,

Esq., Stoke-upon-Trent ; Arnold Bogers, Esq., Hanover Square
;

and the Hon. Bobert Marsham, Maidstone.

30th.—Sir Walter C. James, Bart., Charles Street, Berkeley

Square ;
George Dawes, Esq., Barnsley ; Bev. J. E. Woods, Pe-

nola, South Australia ; Bassett Smith, Esq., Elm Court, Temple
;

Capt. William Hichens, Bengal Engineers ; Lionel Brough, Esq.,

Clffton; J. Studdy Leigh, Esq., St. Stephen's Terrace, Bayswater

;

and J. P. Hennessy, Esq., M.P.

December 14th.—J. H. Bass, Esq., Camden Boad, Holloway.
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The following Persons were elected Foreign Members.

March 9th.—Professor Achille Delesse, Rue de Madame, 35, a Paris.

November 2nd.—Professor Ferdinand Roomer, Breslau.

The following Donations to the Museum have been received since

the last Anniversary.

' British Specimens.

Two Specimens of Hyboclypus from the Cornbrash
;
presented by

C. Hill, Esq.

Specimens of Echinidae from the Upper Oolite of Gloucestershire

;

presented by J. Bravender, Esq., F.G.S.

Fossil Fish from the London Clay, and a Suite of Recent Shells

;

presented by W. J. Hamilton, Esq., For. Sec. G.S.

Suite of Devonian Fossils from Somerset
;
presented by J. D. Pring,

Esq.

Specimens of Fossil Ferns from Burwash and Brightling
;
presented

by the Rev. Joseph Gould.

Ammonites from near Ventnor
;
presented by Capt. Harvey, R.E.

Deposit in Boiler-pipes at Merthyr ;
presented bv M.Moggridge, Esq.,

F.G.S.

Specimens from the Speeton Clay; presented by General Emmett,
F.G.S.

Lepidotus teeth, &c. from the Wealden at Brook Point
;
presented

by R. White, Esq., F.G.S.

Fossils from Brora, &c. ; presented by Sir R. I. Murchison, F.G.S.

Tertiary Fossils from Peckham ; presented by C. Rickham, Esq.

Foreign Specimens.

Specimen of Lithodomus in rock from Malta; presented by W. S.

Clark, Esq., F.G.S.

Two Fossils from Hautville ; presented by A. Majendie, Esq., F.G.S.

A suite of specimens of Fossil Shells and Bones from the Mayenee
Basin ; presented by W. J. Hamilton, Esq., For. Sec. G.S.

Carboniferous and Devonian Fossils from Port Stephens. New South

Wales; presented by the Australian Agricultural Society.

Specimens of Bryozoa and other Tertiary Fossils from South Austra-

lia ; presented by the Rev. J. E. Woods.
Phosphorite from Spain : presented by Henry Thomas, Esq., F.G.S.

A Series of Celtic and Fossil Flint-tools from Abbeville ; presented

by M. Boucher de Perthes.

Series of Specimens from Egypt : presented by L. Horner. Fsq..

F.G.S.

Copper-ore from Ilicos, Philippine Islands ;
presented by Sir .1.

Bowring.

Specimens of Dendritic (iranitcllo from Lima : presented by \V. Na-

tion. Esq.

Specimens of Coal. Ac from Auckland. New Zealand; presented by

H. Weekes, ESsq.
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Specimens of Eocks and Fossils from New Zealand
;
presented by

C. Heaphy, Esq.

Specimens of Fossil Plants, &c. from South Africa
;
presented by

Dr. G. Atherstone.

Specimens of Apatite and Rutile from Snarum
;
presented by J. H.

Clement, Esq., F.G.S.

Specimen of Red Lava from Madeira
; presented by W. Phelps, Esq.

Fossils from Italy, India, &c. ;
presented by Sir P. I. Murchison,

F.G.S.

Charts, Maps, <fcc.

54 Charts published by the Depot de la Marine
; presented by the

Director-General of the Depot de la Marine.

Geological Map of England and Wales; by Prof. A. C. Ramsay.
Mounted in Case

;
presented by the Author.

Sheets, Nos. 10-16, 34, 42 N.W. S.W. S.E., 43 N.W. S.W. S.E.,

45 S.W., 53 N.W. S.W. 54, 62 N.E, 62 S.E., 63 N.W. N.E. S.W.,

71, 72 N.W., 73, 80 S.W. S.E. 82, 86, of the Geological Survey
Map of Great Britain ; Horizontal Sections, Nos. 22, 38-57 ; and
Vertical Sections, Nos. 9, 19-25. Presented by the Director-

General of the Geological Survey of Great Britain.

Map of Chicago Harbour and Bar, Illinois, by Lieut. -Col. J. D. Gra-

ham
;
presented by the Author.

Karte von dem Grossherzogthume Hessen—Section Schotten
;
pre-

sented by the Darmstadt Geographical Society.

Map of the First and Second Anthracite Coal-fields in Pennsylvania,

by S. B. Fisher and P. W, Sheafer, 1849 ; presented by Sir C.

Lyell, V.P.G.S.

Geologische Kaart van Nederland. Sheet No. 14 (Rijnland), by
W. C. H. Staring

;
presented by the Author.

Overzigt der Geologie van Nederland, by W. C. H. Staring
;
pre-

sented by the Author.

United States Coast-Survey. Map of Point Reyes and Yicinity,

California, 1855 (with Geological Indications).

. Map of the Yicinity of the Golden Gate, San Francisco

Bay, California, 1855 (with Geological Indications).

. Map of the Vicinity of Monterey Bay, California, 1855
(with Geological Indications).

. Map of the Country between San Diego and the Colorado

River, California, 1855 (with Geological Indications).

Cartes Hydrographiques, Routieres et Administratives des Provinces

de Namur, Luxembourg, Brabant, Hainaut, et Liege, and Carte

Topographique et Hygrometrique de Bruxelles
;

presented by
M. Ph. Van der Maelen, F.G.S.

Coupe de Ste. Menehouldt a l'Ardenne par Montmedy et Izel (Ja-

moigne), by M. Hebert
;
presented by the Author.

Section of the Coal-seams in the North Trough, neighbourhood of

Neath, by D. Rees
;
presented by the Author.
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Section of Strata in the Hampshire Basin, observed in making the

Well for the Gosport Water-works, near Bury Cross, by James
Pilbrow, Esq.

;
presented by the Author.

Section of a Boring at Purmerende, North Holland, December 1852
;

presented by G. B. Bumell, Esq.

Chart Illustrative of the Census of Victoria : Census-districts, and
Distribution of the Population, March 29, 1859, by A. Bobertson,

W. Collis, and B. B. Smyth; presented by B. B. Smyth, Esq.,

F.G.S.

Diluvian Connomara Antiquities, by J. K. Boswcll
;
presented by

the Author.

Views of parts of the Seacoast of Tierra del Fuego. Taken on board

H.M. Surveying Sloop < Beagle,' 1829-39, 1831 ;
presented by

Sir C. Lyell, V.P.G.S.

Six Lithographic Portraits—Prof. Faraday, Prof. Owen, Dr. Hooker,
Dr. Darwin, Prof. E. Forbes, and Prof. J. Phillips

;
presented by

Prof. Tennant, F.G.S.

Lithographic Portrait of M. d'Orbigny
;
presented by M. Albert

Gaudry.

4 Impressions of a Wood-cut of a small portion of Mr. Babbage's

Difference-engine, No. 1 ;
presented by C. Babbagc, Esq.

8 Sheets of Lithographic Diagrams of Ventriculite-flints, Shells, and
Foraminifera

;
presented by S. J. Mackie, Esq., F.G.S.

The following List contains th

Bodies from whom Donations to \

received since the last Anniversa

Admiralty, Lords Commissioners

of the.

Agassiz, Prof. L., For.M.G.S.

American Academy.
American Geological and Statis-

tical Society.

American Philosophical Society.

Anderson, Bcv. Dr. J., F.G.S.

Art-Union, London.

Asiatic Society of Bengal.

Athenaeum Journal, Editor of

the.

Atherstone, Dr. W. ('<.

Atkinson, T. W., Esq., P.G.8.

Atlantis, Kditor of the.

Australian Agricultural Society.

Babbagc, C, Esq.

Bachc, Prof. A.

Barkway, K., Ksq.

Bananrle, M. .1., For.M.(i.S.

Names of the Persons and Public

ie Library and Museum have been

7;

I Basel Natural History Society.

Belgique, Societe Paleontologique

de la.

BerUn, German Geological So-
ciety at.

Berlin Royal Academy of Sciences.

Billings, E., Esq., F.G.S.

Binkhorst, Heir J. van den.

Blake, W. P., Esq

Boston Society of Natural His-
tory.

lioucher de Perthes, M

.

Bowditch, H. J., Esq.
Bowring, Sir .1

.

I'.ravani. M. A.

I iravender, .1., Ksq., 1".( i.S.

Iheslau Academy of Sciences.

British Association for the Ad-
vancement of Science.

Btirneii. (;. i;., Esq., F.(i.s.

Buteux. M. C.J.
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Campani, Prof. G.

Canadian Journal, Editor of the.

Chambers, P., Esq., F.G.S.

Chemical Society of London.

Cherbourg, Societe Imperiale des

Sciences Naturelles de.

Clarke, W. L., Esq., F.G.S.

Clement, J. H., Esq., F.G.S.

Colonial Office.

Critic, Editor of the.

Cunnington, W. Esq., F.G.S.

Dana, Prof. J. D., For.M.G.S.

D'Archiac, M. le Vicomte, For.

M.G.S.
Darmstadt Geographical Society.

Darwin, Dr. Chas., F.G.S.

Daubeny, Prof., M.D., F.G.S.

Daubree, M.
Davidson, Thos., Esq., F.G.S.

Dawson, Dr. J. W., F.G.S.

Delesse, M. A.

Deslongchamps, Dr. J. A., For.

M.G.S.
Dijon Academy.
Dobson, T., Esq.

Dublin Geological Society.

Dulau & Co., Messrs.

Edmonston & Co., Messrs.

Egerton, Sir P. G., Bart., M.P.,

F.G.S.

Eisenlohr, Dr.

Emmett, Gen., F.G.S.

Espy, J. P., Esq.

Fantuzzi, Sig. M. G.

Favre, Prof. A.

Forchammer, Dr. G., For.M.G.S.

France, Geological Society of.

Francis, Dr., F.G.S.

Gastaldi, Sig. B.

Gandin, M. C. T.

Gaudry, M. Albert.

Geneva Natural History Society.

Geological Survey of the United

Kingdom.
Geologists' Association.

Gibb, Dr. G. D., F.G.S.

Gilliss, Lieut. J. M.
Godwin-Austen, E., Esq., F.G.S.

Gould, Dr. A.

Gould, Bev. Joseph.

Graham, Col. J. D.

Halle, Society of Natural Sciences

of.

Hamilton, W. J., Esq., For. Sec.

G.S.

Harvey, Capt., B.E.
Haughton, Bev. Prof. S., F.G.S.

Hayden, Dr.

Heaphy, C. Esq.

Hebert, M. E.

Heidelberg, Natural Histoiy So-

ciety of.

Hennessy, Prof. H.
Harvey, Prof. J.

Hill, C, Esq.

Hogg, J.

Holmes, Prof. F. S.

Horner, L., Esq., F.G.S.

Horticultural Society.

Hunt, T. S., Esq.

India, Secretary of State for.

, Geological Survey of

Institute of Actuaries.

Institute of Civil Engineers.

Jones, T. Bupert, Esq., F.G.S.

Jukes, J. B., Esq., F.G.S.

King, Prof.

Koninck, Prof. L. de, M.D., For.

M.G.S.

Lachlan, Major B.

Laming, B., Esq.

Lartet, M. E., For.M.G.S.
Lea, Dr. J.

Leeds Philosophical Society.

Liege, Societe Boyale des Sci-

ences de.

Linnean Society.

Literary Gazette, Editor of the.

Liverpool Literary and Philoso-

phical Society.

Low & Co., Messrs.
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Lombardy Institute.

Lubbock, J., Esq., F.G.S.
I a ell, Sir Charles, V.P.G.S.

MacHe, S. J., Esq., F.G.S.

Martius, Dr.

Majendie, A., Esq., F.G.S.

Marcou, M. Jules.

Marmora, Gen.
Massalongo, Prof.

McClelland, J., Esq.

Mechanics' Magazine, Editor of

the.

Meek, F. B., Esq.

Mendicity Society.

Meteorological Society.

Meyer, Herr Herman von, For.

M.G.S.

Michclin, M. H. G.

Microscopical Soeiety.

Moggridge, M., Esq., F.G.S.
Montreal Natural History Society.

Morton, G. H., Esq., F.G.S.
Moscow Imperial Society of Na-

turalists.

Mouat, Dr.

-Munich, Royal Academy of.

Nation, W., Esq.

Neuchatel Societe des Sciences

Naturelles.

Newbury, Dr. J.

Normandy, Linnean Society of.

Ohio, Board of Agriculture of.

Oldham, T., Esq., F.G.S.

Oppel, Dr. A.
O'Rilcy, E., Esq., F.G.S.
Ormerod, Dr., F.G.S.

Page, D., Esq., F.G.S.

Pahcontographical Society.

Paris, Academy of Sciences of.

Paris, Ecole des Mines de.

Paris, M. It- Direeteur-General

du Dtqxit df la Murine de.

Parish, sir \\\, F.G.8.

Parker, \\\, Esq,

I'errev, A.. Ksq.

Phelps, W., Esq.

Philadelphia A.oademy <if Natu-
ral Sciences.

Phillips, J. A., Esq.

Photographic Society.

Pictet, Prof. F. J.

Pilbrow, J., Esq.

Ponzi, Prof. G.

Pring, J. D., Esq.

Bamsay, Prof., F.G.S.

Pay Society.

Pees, D., Esq.

Reeve, L., Esq., F.G.S.
Poberton, J., Esq.

Roemer, Prof. F., For.M.G.S.
Pose, G., Esq.

Royal Academy of Belgium.
Royal Asiatic Society.

Royal Astronomical Society.

Royal College of Physicians.

Royal Cornwall Polytechnic So-
ciety.

Poyal Dublin Society.

Royal Geographical Society.

Royal Institution of GreatBritain.

Poyal Irish Academy.
Royal Society of London.

Sandberger, Dr. Fridolin.

Seharff, Dr.

Schlagintweit, MM.
Shumard, Dr. F.

Silliman, Prof. M.D., For.M.G.S.
Smithsonian Institute.

Society of Arts.

South Yorkshire Viewers' Asso-
ciation.

Statistical Society.

St. Louis Academy.
Steindachner, Herr F.

Stockholm Royal Academy of
Sciences.

Studer, Prof P.. For.M.G.S.
Suess, Prof. E.
Swallow, G. C, Esq.

Tasmania. Royal Society of.

Tennant, Prof. J., F.G.S.
Thomas, Henry, Ivsq., F.G.S.

Tvudall, Prof.

Tvueside Naturalists' Field Club.
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United States Patent Office.

United States War Department.

Upper Hesse, Natural History

Society of.

Van der Maelen, M. Ph., F.G.S.

Vaudoise Society of Natural Sci-

ences.

Victoria, Philosophical Institute

of.

Vienna Berg-und-Hiittenman

Association.

Vienna Geological Institute.

Villa, Sig. G. P..

Warren, Lieut.

Weekes, H., Esq.

White, E., Esq., F.G.S.

Williamson, J., Esq.

Wiltshire, Rev. T., F.G.S.

Wood, Ed., Esq., E.G.S.

Woods, Eev. J. E.

Wurtemburg Natural History

Society.

Yates, Jas., Esq., F.G.S.

Zepharovich, Herr V. Bitter, von.

Zoological Society.

List of Papees read since the last Anniversary Meeting,

February 18th, 1859.

1859.

Eeb. 23rd.—On some Lias Deposits at Quarry Gill and other places

near Carlisle, by E. W. Binney, Esq., E.G.S.

On the Eossils of the Lingula Elags, or Zone Pri-

mordiale ; I. Paradoxides from Newfoundland, by J. W. Salter,

Esq., E.G.S.

On the Dicynodon Murrayi, by Prof. Huxley, Sec.G.S.— On the Coal found by Dr. Livingstone at Tete, South

Africa, by B. Thornton, Esq. (from the Foreign Office).

March 9th.—On the Veins of Tin-ore at Evigtok, Greenland, by J.

W. Tayler, Esq., F.G.S.

On some Minerals from near Tabriz, Persia, by the

Hon. C. A. Murray (from the Foreign Office).

On the Permian Chitonidae of Durham, by J. W.
Kirkby, Esq. ; communicated by Thos. Davidson, Esq., F.G.S.

On Vegetable Structures in Coal, by Dr. J. W.
Dawson, F.G.S.

March 23rd.—On some Beptilian Bemains from South Africa and
Australia, by Prof. Huxley, Sec.G.S.

On the Bamphorhynchus Bucklandi, by Prof. Huxley,

Sec.G.S.—- On the Dermal Armour of Crocodilus Hastingsiae, by
Prof. Huxley, Sec.G.S.

On a Fossil Cetacean and a Fossil Bird from New
Zealand, by Prof. Huxley, Sec.G.S.

April 6th.—On the Inferior Oolite of Gloucestershire, compared with

that of Yorkshire, byDr.ThomasWright; communicated bythe Pre-

sident. With a Note on Dundry HiB, by B.Etheridge, Esq., F.G.S.

April 20th.—On some Beptilian Bemains from South Africa, by
Prof. Owen, F.G.S.

On the South-easterly Thinning-out of the Lower
Secondary Bocks of England, by E. Hull, Esq., F.G.S.
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May 4th.—On the Ossiferous Grotto di Maceagnone near Palermo, by
Dr. H. Falconer, F.G.S.

On some Fossil Reptilian Eggs, from the great Oolite

of the neighbourhood of Cirencester, by Prof. Jas. Buckman, F.G.S.
On the Jurassic Flora, by Baron A. de Zigno ; com-

municated by C. Bunbury, Esq., F.G.S.

On some Sections near Oxford, by Prof. Phillips,

Pres.G.S.

May 18th.—On the Nomenclature of the Old Bed Fishes, by Sir P.

G. Egerton, Bart., M.P., F.G.S.

On the Yellow Sandstone of Dura Den and some of

the Old Bed Fishes, by the Bev. J. Anderson, F.G.S.

June 1st.—On the sinking for Coal on the Shircoaks Colliery, by J.

Lancaster, Esq., and C. C. Wright, Esq., F.G.S.
— Notes of the Geology of Southern Australia, by A.

Selwyn, Esq., in a Letter to Sir B. Murchison, F.G.S.

June 15th.—Notes on Spitzbcrgen, by James Lamont, Esq. ; com-
municated by Sir C. Lyell, F.G.S.

On the Origin of Dolomites and Gypsums, by Sterry

Hunt, Esq. ; communicated by Prof. Ramsay, F.G.S.

On Tertiary Shells from Central India, by the Bev.
S. Hislop ; communicated by the President.

June 22nd.—Further observations on the occurrence of Objects of

Human Art in the Bone-Breccia of the Caves near Palermo, by
Dr. Falconer, V.P.G.S.

Beport on the Progress of the Exploration of the

Brixham Cave, by J. Prestwich, Esq., Trcas.G.S.

On a Flint Implement recently obtained from the

Gravel near Amiens, by J. W. Flower, Esq. ; communicated by
J. Prestwich, Esq., Treas.G.S.

Nov. 2nd.—On the Passage-beds between the Upper Silurian Bocks
and the Old Bed Sandstone at Ledbury, by the Bev. "W. S. Svmonds,
F.G.S.

On some Mud-Volcanos near Carthagena, by F.

Bernal, Esq. ; communicated by Sir B. I. Murchison. F.G.S.

On the Coal found at Auckland, near New Zealand,

by Henry "NVcokes, Esq. ; communicated by the President.

On the Geology of Vancouver's Island, by H. Bauer-
man. Esq. : communicated by Sir R. I. Murchison. F.G.S.

Nov. 10th.—Supplemental Remarks on the Geology of the North-
west Highlands of Scotland, by Sir R. I. Murchison, F.G.S.

Nov. Mdth.—On some Bronze Relics found in a Gold-bearing Sand in

Siberia, by T. \V. Atkinson. Ksq., F.G.S.

On the extinct Volcanos of Auckland. New Zealand.

by C. Heaphy, Ksq. : communicated by the President.

On some Tertiary Reds in South Australia, by the

Bev. J. K. Woods; communicated by the President.

Dec. 14th.—On some Bones of Polyptychodon, from the Chalk of

Dorking, by Prof. Owen. F.G.S.

On some n« \v Reptilian Remains, \\ ith Shells of Papa,
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and an" lulus, from the Coal-Measures of Nova Scotia, by Dr.

Dawson, F.G.S.

Dec. 14th.-—On some Fossils from Bahia, by S. Allport, Esq.

;

communicated by Prof. Morris, F.G.S.

On some Cheirotherian Tracks in the Upper Keuper
of Warwickshire, by the Rev. P. P>. Brodie, F.G.S.

1860.

January 4th.—On the Lower Palaeozoic Fauna, by Prof. Goeppert,

For.M.O.S.

On the Freshwater Tertiaries of Southern Bessarabia

and the Dobrutcha, by Capt. T. Spratt, F.G.S.

On the Recent and Fossil Foraminifera of the Medi-
terranean Area, by T. R. Jones, Esq., F.G.S., and W. K. Parker,

Esq.

January 18th.—On some Sections South of Oxford, by Prof. J.

Phillips, Pres.G.S.

On the Old Red Sandstone of the Grampians by Prof.

Harkness, F.G.S.

On the Old Red Sandstone of the South of Scotland,

by A. Geikie, Esq., F.G.S.

Februarv 1st.—On some Cretaceous Rocks in Jamaica, by L. Barrett,

Esq., F.G.S.

On some Fossils from the Grey Chalk near Guildford,

by R. Godwin-Austen, Esq., F.G.S.

:
On the Coal in the Chalk of Kent, by R. Godwin-

Austen, Esq,, F.G.S.

On the probable Extent of Land during and after the

Secondary Period, by S. V. "Wood, Jun., Esq. ; communicated by
S. Y. Wood, Esq., F.G.S.

February 15th.—On the probable Glacial Origin of some Norwegian
Lakes, by T. Codrington, Esq., F.G.S.

On the Drift and Gravels of the North of Scotland,

by T. F. Jamieson, Esq. : communicated by Sir R. I. Murchison,
F.G.S.

After the Reports had been read it was resolved,

—

That they be received and entered on the minutes of the Meeting

;

and that such parts of them as the Council shall think fit be printed

and distributed among the Fellows.

It was afterwards resolved,—

•

1. That the thanks of the Society be given to Dr. J. Bigsby and
Dr. Falconer, retiring from the office of Yice-President.

2. That the thanks of the Society be given to Thos. Davidson,
Esq., Dr. Falconer, Prof. Ramsay, and the Rev. Dr. Whewell, re-
tiring from the Council.

3. That the thanks of the Society be given to Prof. Phillips,

retiring from the office of President.

After the Balloting-glasses had been duly closed, and the lists

/
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examined by the Scrutineers, the following gentlemen were declared

to have been duly elected the Officers and Council for the ensuing
year :

—

OFFICERS.

PRESIDENT.

Leonard Horner, Esq., F.R.S. L. & E.

VICE-PRESIDENTS.

Sir Charles LyeU. F.R.S. & L.S.

Sir R, I. Murchison, G.C.St.S., F.R.S. & L.S.

Major-General Portlock. LL.D., F.R.S.

G. P. Scrope, Esq., M.P., F.R.S.

SECRETARIES.

Prof. T. H. Huxley, F.R.S.

Warington W. Smyth, Esq., M.A., F.R.S.

FOREIGN SECRETARY.

William John Hamilton, Esq., F.R.S.

TREASURER.

Joseph Prestwich, Esq., F.R.S.

'Of SCII.

John J. Bigsby, M.D.
Sir P. G. Egerton, Bart.. M.P.,

F.R.S.

R. A. Godvrin-Austen,Esq..B.A.,

F.R.S.

William John Hamilton. Ksq..

F.R.S.

Joseph 1). Hooker, M.D., F.R.S.

& L.S.

William Hopkins. M.A.. LL.D..

F.R.S.

Leonard Horner, Esq., F.R.S.

L. <fc E.

Prof. T. H. Hnxlcy, F.R.S.

Sir Charles Lvell, F.R.S. A I..S.

Prof. W. H. Miller, M.A., F.R.S.

JohnC. Moore. Ksq.,M.A.. F.R.S.

VOL. XVI.

Prof. John Morris.

Sir It. I. Murchison, G.C.St.S.,

F.R.S. & L.S.

Robert W. Mvlne, Esq.

Prof. John Phillips, M. A., F.R.S.

Major-General Portlock, LL.D.,

F.R.S.

Joseph Prestwich, Esq.. F.R.S.

P. Scope. Esq., Bff.P., F.R.S.

Warington W. Sin vth,Ksq..M. A..

I'.R.S.

Thomas Sopwith. Ksq., M.A.,

F.R.S.

Alfred Tvlor, Ksq.. F.L.S.

Searles V. Wood, Ksq.

s. P. Woodward, ESsq.
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LIST OF

THE FIFTY FOREIGN MEMBERS

of the GEOLOGICAL SOCIETY OF LONDON, in 1860.

Date of
Election.

1808. Professor L. A. Necker, Geneva.

1817. Professor K. C. von Leonhard, Heidelberg.

1817. Professor Karl von Raumer, Munich.

1818. Professor G. Ch. Gnielin, Tubingen.

1819. Count A. Breuner, Vienna.

1819. M. Charles Lardi, Lausanne.

1819. Sign. Alberto Parolini, Bassano.

1821. M. Louis Cordier, Paris.

1822. Count Vitiano Borromeo, Milan.

1823. Professor Nils de Nordenskiold, Abo.

1825. Dr. G. Forchharnmer, Copenhagen.

1827. Dr. H. von Dechen, Oberberghauptmann, Bonn.

1827. Herr Karl von Oeynhausen, Oberberghauptmann, Breslau.

1828. M. J. M. Bertrand de Doue, Pug-en- Velag.

1828. M. Leonce Elie de Beaumont, Sec. Perpetuel de Flnstit. France,
For. Mern. R. S., Paris.

1828. Dr. B. Silliman, New Haven, Connecticut.

1829. Dr. Ami Boue, Vienna.

1829. Professor J. F. L. Hausmann, Gottingen.

1829. J. J. d'Omalius d'Halloy, Namur.

1832. Professor Eilert Mitscberlicb, For. Mem. R. S., Berlin.

1839. Dr. Cb. G. Ehrenberg, For. Mem. R. S., Berlin.

1840. Professor Adolpbe T. Brongniart, For. Mem. R. S., Paris.

1840. Professor Gustav Rose, Berlin.

1841. Dr. Louis Agassiz, For. Mem. R. S., Cambridge, Massachusetts.

1841. M. G. P. Deshayes, Paris.

1844. Professor William Burton Rogers, Boston, U.S.

1844. M. Edouard de Verneuil, Paris.

1847. Dr. M. 0. H. Pander, Riga.

1847. M. le Vicomte A. dArchiac, Paris.

1848. James Hall, Esq., New York.

1850. Professor Bernard Studer, Berne.

1850. Herr Hermann von Meyer, Frankfort on Maine.

1851. Professor James D. Dana, New Haven, Connecticut.

1851. Professor H. G. Bronn, Heidelberg.

1851. Colonel G. von Helmersen, St. Petersburg.

1851. Dr. W. K. Haidinger, For. Mem. R. S., Vienna,

1851. Professor Angelo Sismonda, Turin.
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Date of

Election.

1853. Count Alexander von Keyserling, St. Petersburg.

1853. Professor Dr. L. G. de Koninck, Liege.

1854. M. Joachim Barrande, Prague.

1854. Professor Dr. Karl Friedrich Naimiann, Leipsic.

1856. Professor Dr. Robert Bunsen, Heidelberg.

1857. Professor Dr. H. R. Goeppert, Breslau.

1857. M. E. Lartet, Park.

1857. Professor Dr. H. B. Geinitz, Dresden.

1857. Dr. Hermann Abich, St. Petersburg.

1858. Dr. J. A. E. Deslongchamps, Caen.

1858. Herr Arn. Eseher von der Linth, Zurich.

1859. M. A. Delesse, Paris.

1859. Professor Dr. Ferdinand Roemer, Breslau.

AWARDS OF THE WOLLASTON-MEDAL

UNDER THE CONDITIONS OF THE DONATION-FUND

ESTABLISHED BY

WILLIAM HYDE WOLLASTON. M.D., F.E.S., F.G.S., &c,

" To promote researches concerning the mineral structure of the earth,

and to enable the Council of the Geological Society to reward those

individuals of any country by whom such researches may hereafter be

made,"—"such individual not being a Member of the Council."

Since the year 1846, the Medal has been struck in Palladium,

in commemoration of the Discoverer.

1831. Mr. William Smith.

1835. Dr. G. A. Mantell.

1836. M. L. Agassiz.

1837 \
Capt p

*
F> Cautley-

I Dr. II. Falconer.

1838. Professor R. Owen.

1839. Professor C. G. Ehrenberg.

1840. Professor A. BL Dumont.

1841. M. Adolphe T. Brongniart.

1842. Baron L. von Buch.

I M. E. de Beaumont.
'

I M. P. A. Dufrenoy.

1844. The Rev. W. D. Conybeare.

1845. Professor John Phillips.

IS4G. Mr. William Lonsdale.

is 17. L»r. Ami Bone.

1848. The Rev. Dr. W. Bucklnnd.

1849. Mr. Joseph Prestwich, jun.

1850. Mr. William Hopkins.

1851. The Rev. Prof. A. Sedgwick.

1852. Dr. W. BL Fitton.

M. le Vieomte A. d'Archiac.

E. de Verneuil.

1854. Dr. Richard Griffith.

1855. Sir II. T. De la Beche.

Sir W. E. Logan.

M. Joachim Hanaiul<\

i Herr Hermann \ mi Meyer.

I Mr. James Hall.

Mr. ( 'h;u le> Dai win.

1853.

185C.

L867.

185*.

IK
I M.

1859.

1HC0. Mr. Senile, V. Wood.
/. 2



Income and Expenditure during the

INCOME.
£ s. d. £ s. d.

Balance at Banker's, January 1, 1859 ... . 298 7 8

Balance in Clerk's hands .............. 12 14 3
— 311 1 11

Compositions received 126
Arrears of Admission Fees 105

Arrears of Annual Contributions 69 6
174 6

Admission Fees of 1859 466 4

Annual Contributions of 1859 608 9 6

Dividends on 3 per cent. Consols 134 10 2

Publications

:

Longman and Co., for Sale of Quarterly Journal

in 1858 „ 54 9

Sale of Transactions 32 8 6

Sale of Proceedings 1 2

Sale of Journal, Vol. 1-6 10 17 6

„ Vol. 7-12 29 10 6

„ Vol. 13 18 13 8

„ Vol. 14 74 6

Vol. 15* 127 12 11

„ Geol. Map of England 315
,, Library Catalogues 215 6

„ Ormerod's Index 12 4

367 9 1

We have compared the Books and
£2188 8

Vouchers presented to us with these

Statements, and find them correct.

ALFRED TYLOR, \ 4
Jan. 27, 1860. JAMES TENNANT, j

Awmor*-

* Due from Messrs. Longman and Co., in

addition to the above, on Journal, Vol. XV. £59 1 5

Due from Fellows for Subscriptions toJourn. 57 7 8

Due from Authors for Corrections 25 1 1

£142 1



Year ending December 31st, 1859.

EXPENDITURE.

General Expenditure : £ s. d. £ 8. d.

Taxes 29 8 4
Fire Insurance 3

House Repairs 8 18 11

Furniture 38 7

Fuel 34 2

Light 29 14 2

Miscel. House expenses, including Postages . 54 2
Stationery 27 17 3
Miscellaneous Printing 34 5

Tea for Meetings 24 11 7

283 19 10
Salaries and Wages

:

Assistant-Secretary 200
Clerk

'
120

Assistant in Library and Museum 47
Porter 90
House Maid 33 4
Occasional Attendants 12 15
Collector 25 2

528 1

Library 94 3 3

Museum 63 1 1

Diagrams at Meetings 14 7 6

Miscellaneous Scientific Expenses 12 10 8

Publications :

Geological Map of England 55
Transactions 12 15 7
Proceedings (Abstracts, &c.) 48 9 8
Journal, Vols. I.-VI 1 12 2

„ Vols. VII.-XII 3 1 10
Vol. XIV 5 8 3
Vol. XV 524 6 11

650 14 5

Balance at Banker's, Dec. 31, 1859. ... 531 7 9

Balance in Clerk's hands 9 15 2

541 2 11

£2188 8

The above Expenditure includes .£123 14.v. S(/. disbursed on
account of the Grcenougb Fund, and which has to he returned.
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PROCEEDINGS

AT THE

ANNUAL GENERAL MEETING,

17th FEBRUARY, 1860.

Award op the "Wollaston Medal and Donation Fund.

After the Report of the Council had been read, the President,

Professor John Phillips, M.A., LL.D., F.R.S., placed in the hands

of Searles V. "Wood, Esq., the "Wollaston Medal, saying :

—

Mr. Searles Wood,—Attached to the study of Natural History

in many of its branches, you have judged wisely in devoting your
earnest attention to one special field of research and one definite ob-

ject of publication. By the Monograph of the Crag Mollusca, you
have accomplished this object in regard to one of the most remark-
able of British Strata, and completed a research for which no one

had equal opportunities. Seldom indeed concur, as in this instance,

superior knowledge of the data, special powers of illustration, and a

peculiar feeling of patriotic gratification in making known the fossils

with which you had been familiar from childhood. "While placing

in your hands this well-earned tribute of respect, let me congratulate

through you the Palseontographical Society, with whom your Crag

Mollusca find an honourable place, in that they have been enabled

to enrich their volumes with contributions of so finished a character

by Naturalists so patient, persevering, and successful.

Mr. Searles Wood said in reply:

—

Sir,—I beg to return my grateful acknowledgements for the

honour the Council of the Geological Society have conferred upon
me, and I feel proud to find my labours have been so highly esti-

mated by those who have worked in a similar field. My investi-

gations in the Crag have been purely a labour of love. Residing

for many years in the Crag country, I possessed great facilities for

collecting its fossils. This Formation appeared to mo to possess

peculiar charms, uniting as it does the past with the present more
perhaps than any other ; and fate seems almost to have identified

vol. xvi. c
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me with it,—I was born in sight of one Crag pit, and shall probably

be buried in sight of another.

The honour you have conferred upon me ought to be an incite-

ment to further exertions ; but the age at which I have arrived will

not, I fear, permit me to promise much : the spirit is willing, but

the flesh is weak.

I beg also to thank you, Sir, for the favourable opinion, as I was
informed, you publicly expressed of • my labours when you were in

my native country about eight or nine years ago.

The President then addressing Mr. Jones and Mr. Paekee, said :

—

Zoologists and Palaeontologists are equally indebted to your

assiduous labours among the minute creatures which you have
taught us to recognize through a large part of the Strata of the

British Isles, and to compare with analogues now living, or repre-

sentatives in distant regions. The long duration in time, the great

variation of form, and the wide diffusion in space of these remark-
able Microzoa render them objects of special interest to all who
speculate on the succession of life and the mutability of species.

Your researches, rich in definite facts, reduce the catalogues of species",

but extend their recorded duration in time, and thus link several

past geological periods with the life of the present ocean. To prove

oiu sympathy in this your extremely intricate labour, the Geological

Society has instructed me to place in your hands the proceeds of tho

Wbllaston Donation Fund.

Mr. Pttpeet Jones thus replied :

—

Sir,—Your kind and flattering observations on the Rhizopodal

studies of my friend Mr. Parker and myself indicate rather the value

of the subject of our researches than the results as yet attained by
us. "We hope that, favoured by time and circumstances, we may
fulfil some at least of the anticipations which geologists and physio-

logists may expect from a patient, conscientious, and wide-extended
examination of the recent and fossil Foraminifera.

"We have come to the study by different paths,—my friend through

physiological researches, while my motives have been chiefly pake-

ontological. We believe that a painstaking criticism and comparison
of the works of earlier naturalists, and a philosophical treatment of

the mass of new materials now., in our possession will tend to the

l^est results.

If we have, in our hand a clue to the elucidation of the history of

these Microzoa, and of the part—the important part—that they

have played in building up the stratified crust of the earth, we trust

that careful perseverance will enable us to follow it up to some
useful end, and to the working out of some good physical truths

;

and we feel especially gratified by the notice, Sir, you have taken of

our researches, and by the kind encouragement which the Society

has been pleased to bestow upon us.
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT.

Gentlemen,—Perhaps no single year since the origin of the

Society has been so marked by the deaths of eminent members as

that 'which is now terminated. To names conspicuous in literature,

•sue] i as Hallam and Staunton, wo must add the authors of our
greatest engineering triumphs, Stephenson and Brunei,—naturalists

of the highest rank, as Broderip and Horsfield,—geologists, mine-
ralogists, and palaeontologists, as Anstice, Brown, Came, Cathcart,

LoftuSj and Stutchbury. These and others have passed from our
list of < Ordinary Members! From our Honorary list wo lose the

Rev* W. Turner and Mr. David Mushet, and from our Foreign list

I'lnlcssor Cleveland, Baron Humboldt, and the Archduke John of

Austria. To several of these Members of our Society tho Transac-
fcions and Proceedings are indebted for useful contributions;—to

others we, in common with tho whole literary world, aro under
lasting obligation.

Mr. William Anstice, resident in Shropshire, made good use of

the facilities which he possessed of exploring tho coal-fields of that

country, and was rewarded by the discovery of fossil insects of the

natural family of Curculionida), one of which worthily bears his

name ; and of Limulidao*.

Richard Bright, M.D., found time, in tho early part of that

medical career which afterwards became famous, to notice the geo-

logical phenomena in the district with which his family has long

been connected, and has communicated to our Society a paper on
tho strata in tho vicinity of Bristol, embracing the series from the

Lias to the Old Red Sandstone on the banks of the Avonf. Died
December 16, 1858.

Mr. William John Broderip, slightly the senior of Dr. Buckland

in Oxford, had the merit of assisting that eminent geologist in his

earliest researches. Though Zoology, and especially tho Molluscous

animals, absorbed his attention in later years, in connexion with

the Zoological Society, and the ' Penny Cyclopaedia,' which was
largely enriched by contrihutions from his ready and accurate pen,

lie found time to notice some fossil Crustaceans and Badiata dis-

covered at Lyme Regis J, and to assist theoretical geology by a

valuable Table of the situation and depths at which recent genera

of marine and estuarv shells have been observed Died February

L>7, 1869.

Mr. John Brown paid close attention to the Pleistocene deposits

in the vicinity of his residence at Stanway, and collected a remark

-

* Frcstw kofa in fatal SQnuu. v.4l.'J. liuokluml, liridguwutor Treatise, i. p. JUKi.

unci ii. pi. 111. (i^s. 1, L', .'t.

t Urol. Trans, iv. p. \'X\. \ Trans. Urol. Soc. sor. 2. v. p. 171.

§ ])r In Hectic's Theurvtirnl Researches.

<• U



XXviii PROCEEDINGS OF THE GEOLOGICAL SOCIETY.

able series of specimens of extinct Mammalia from that locality and

other parts of Essex, especially from Clacton. He liberally supplied

the Oxford and other Museums with Crag fossils, drawn from his

own collections, and maintained to the last a strong and intelligent

interest in our pursuits. As a final proof of his good will, he has

left us a legacy of £300, to be employed without restraint in the

advancement of his favourite science. Died 28th of November, 1859,

in his eightieth year.

Mr. Joseph Carne was a much-honoured member of the Geolo-

gical Society of Cornwall, to whose Transactions he communicated

several memoirs on the tin- and silver-veins, granite rocks,, and

elvan-courses of the rich mineral district adjoining Penzance, the

place of his residence. Died October 11, 1858, aged 77.

Earl Cathcart, better known to English and Scottish geologists

under his earlier title of Lord Greenock, was remarkably well

acquainted with the geology of several parts of Scotland, especially

the Coal and Trap districts in the valley of the Clyde and Forth.

He communicated memoirs on these subjects to the Royal Society of

Edinburgh and the British Association. I was personally indebted

to him and Mr. Milne, in 1834, for a valuable contribution to the

first edition of my Map of the Geology of the British Isles. In after

years Earl Cathcart collected largely from the Wealden deposits,

and amassed a valuable collection of chalk-sponges from the shingle

of Hastings. Died 1858, aged 76.

J. G. Croker, M.D., &c. Dr. Croker communicated a notice of the

geology of the vicinity of Bovey Tracey, the place of his residence

(Geol. Soc. 1856).

Sir I. L. Goldsmid, Bart., F.R.S., claims the grateful recollection

of the Society on account of his liberal endowment of the Chair of

Geology in University College, and other acts worthy of a generous

mind. Died April 27, 1859, aged 81.

Thomas Horsfield, M.A., M.D., F.E.S. This eminent naturalist

held for some years the office of Keeper of the Museum of the East
India Company. His contributions to Entomology and other branches

of Zoology are well known. He has left on record one proof of the

interest he felt in studies familiar to us, in a mineralogical descrip-

tion of the Island of Banka (Sill. Am. I. ser. 2. vii. 86). Died July

24, 1859, aged 86.

Mr. "William Kennett Lofttjs imbibed under Professor Sedgwick a
sound knowledge of geology, and always manifested a strong attach-

ment to it, even when placed in circumstances which enabled him
to render the most conspicuous services to geographical and historical

researches. It was indeed this proved devotion to geology which led

to his appointment on the Turco-Persian Commission; and his re-
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searches in Mesopotamia produced also a series of brilliant antiquarian

discoveries among the ruined cities of Assyria and Babylonia. On
his return from the East, he was appointed to the Geological Survey

of India ; but his health, injured among the swamps of Assyria,

failed entirely in India, and he died on his passage homewards, at

the early age of 37. We are indebted to him for a notice of his

geological observations on the structure of the plains of tho Tigris

and the mountain-ranges of Western Persia*.

Mr. David Me/suet, besides communicating to the Society a sec-

tion of the strata in the Forest of Dean, has claims on the respectful

recollection of metallurgists on account of the attention he paid to

the processes of the Iron-manufacture, first in the vicinity of Glasgow,

and in later life in the Forest of Dean. In the latter district he was
long resident, and no one was better acquainted with the peculiar

oxides of iron thero abundant, or more fertile of ingenious inventions

in tho process for smelting these or the very different ores in

Lanarkshire.

Sir G. T. Staunton, F.R.S. While accompanying the celebrated

embassy to China conducted by Lord Macartney, Sir G. Staunton

found leisure to attend to a subject which has grown much in im-
portance since the date of his volume (1797). He ascertained the

quantity of sediment in the water of the Yellow River (^Lth), tho

quantity of water transported daily by this great stream, and the pro-

bable time in which, at the ratio assumed, the Yellow Sea (125,000
square-miles) would be filled up (21,000 years). Died August 10,

1859, aged 79.

Mr. Samuel Stutchbtjry, for some time Curator of the Bristol

Institution, and remarkably skilled in the various branches of natural

history, passed a portion of the later years of his life in the Geological

Survey directed by the Government in Australia. We arc indebted

to him for a valuable account of the Low Coralline islands of the

Pacific*}*) for notices of Pachyodon, Avicula, and Plesiosaurus, am],

in conjunction with the late Dr. Biley, for a memoir on the Thecodont
Saurians of the Magnesian Conglomerate m ar Bristol. I >ied Fchniarv

12, 1859, aged 61.

The name of Professor Cu.vi.land of New England, familial- to

us by the application of it to a frequent kind of felspar, which ho

carefully studied, will also be gratefully remembered by geologistB

who are acquainted with his useful treatise on Mineralogy.

Alexander von Humholdt was born in 1709, the annus magnus
of births, which also gave to Geology William Smith and George
Cuvier. How different their destiny !—alike only in the eminent
services each rendered to science. Smith, thoroughly Knglish, never

quitted for a day the island whose stratification was the study of his

* Geol. Joiirn. vii. 20(3, 1857. f Journul of tho West of England.
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life; Cuvier
>
contemplating in his rich museum the modern and

ancient forms of life, established the science of Palaeontology ; while

Humboldt, universal in genius and cosmopolitan in feeling, made it

his chief delight

...... "ire per omnes
Terrasque tractusque maris coeluraque profundum."

The great Prussian was not specially nor even principally a geolo-

gist
;
yet, amidst the vast labours of his active life, he found many

occasions of exercising the precepts of Werner, his early teacher at

.Freyberg, who also inspired bis fellow-labourer Yon Buch.

The special essays in which Humboldt records his own researches

are too numerous, and embrace too wide a range of subjects to be

^discussed on this occasion. One of the earliest fruits of his Prey-

berg studies was a mineralogical notice of a basalt on the Ehine

(1790) ; at another time he observed the diamonds and malachite of

the Ural Mountains; he entered into the question of the ossiferous

caverns (1817), studied the footprints of Hildberghausen, examined
Infusoria, and reported to the Royal Academy of Sciences on a Table

of Organic Remains (1825).

In the Essay on the Superposition of Rocks (1823), the principal

phenomena which had come under Humboldt's personal observation

during his travels in the two hemispheres are placed in comparison.

We are indebted to him for a curious method of pasigraphical nota-

tion, adapted for recording and systematizing local observations on

-the position of rocks.

The study of volcanos and mountain-chains, in all their relations,

geological, chemical, and meteorological—the contemplation of the

living wonders of nature in relation to the distribution of land and
sea and the ranges of climate,—researches of this order, charac-

teristic of the mind of Humboldt, are well typified by the beautiful

work entitled ' Aspects of Nature,' including considerations on de-

serts, the physiognomy of plants, the cataracts of the Orinoco, and
the structure and action of volcanos. In the great work which
agreeably occupied the latter years of his life, and brought before

him the whole system of nature, geology finds the early and honour-

able place which it ought to occupy in the scale of natural science.

The views collected in Humboldt's ' Kosmos ' on the physical con-

stitution of the earth, on earthquakes and volcanic phenomena, and
on the origin and metamorphism of rocks, are extremely instructive,

and will be perused with pleasure and profit even by those who
prefer a different explanation of some of the phenomena. Birth,

September 14, 1769; death, May 6, 1859.

To the Archduke John of Austria geology is indebted not only

for the countenance which a person in his high position could afford

it, but for the special diligence and intelligent zeal with which he

advanced the geological survey of the extensive and interesting

countries under the sway of the Imperial House. Simple and un-
ostentatious in his tastes, more at home among the Styrian moun-
tains than in the palaces of Vienna, he was always occupied in
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mining, metallurgy, and other works useful to his country, and
always happy to welcome the English visitor who carried a hammer
and sketch-book. Few members of any reigning family have deserved

so well of their contemporaries and posterity.

Geology, as we are continually reminded by friendly commenta-
tors, has fairly taken its place among the Inductive Sciences ; and

by acting in tho spirit which has won our emancipation from the

tyranny of hypothesis, we have established firmly the authority of

real laws and phenomena. From time to time, indeed, the historical

aspect of geology roveals itself, in efforts moro or less unsuccessful,

to tear aside the veil which hides tho origin of things, and to deduce

not only the modern features of the land and sea from ancient phy-

sical revolutions, but tho actual forms of life on the globe from

earlier types modified by some assumed law of variation operatii 'j;

through unlimited time. Let us not, while wandering in this dark

labyrinth of cosmogony, lose our hold of the slender thread whi-n

may bring us back to the light of true philosophy.

Looking, indeed, at the practical character of the papers presented

to our meetings, there would seem to be no need of such a warning

to the Geological Society. The Foraminifera have been largely illus-

trated by Jones and Parker; Fossil Botany has been brought before

us in a general senso by Goppert and I)e Zigno, and with minute
microscopical detail by Dawson; Permian Chitonitke arc noticed l>v

Kirkby ; the Fossils of the Lingula-flags by Salter ; the Pishes of the

Old Rod Sandstono by Egerton, and Anderson, and Symonds Uluim-

jthor/n/nrhiis Bmklandii , Crocodilian Remains, Reptiles from Africa

and Australia, a Cetacean, and a Bird by Huxley
;
Reptilian Remains

from South Africa by Owen ; a New Reptile from the Coal-measures

by Dawson ; Cheirotherium bylirodie. The Cretaceous period is illus-

trated in England by Godwin-Austen's notices of the carbonaee,

mass enclosed in tho chalk of Kent, and of the fossils of the chalk of

Guildford; and in Jamaica by Barrett. It is taken as the subject

of a general and interesting speculation by Mr. Searles Wood, jun.

The works of art in the gravel of Amiens and tho caves of Sicily

have been explored by Falconer, Prestwich, Flower, Godwin-Austen,
and Lyell. Facts in Australian Geology are communicated by Sel-

wyn, Burr, and Wood. Captain Spratt sends his observations on

Bessarabia; Lamont on Spitzbergen
;
Codrington on the Glaciers of

Norway; Murray on Fossils from the East Indies; Allport from

Bahia.

At home, tho Topographical Geology of Scotland has still charms

for Murehison, Harkness, (ieikie.and Jainieson ; Hinnie reports I jus

jn the plain of Carlisle ; Hull measures the thickness of the strata in

the Midland Counties which perhaps cover coal at a moderate depth
;

Lancaster ami Wright make known the discovery of this precioufl

material under the I'ermian beds of Worksop ; while Mauenijan llnds

it in Vancouver's Island, Livingstone and Thornton on the Zambezi,

and Weckes and lleaphy in New Zealand.

Finally, Palaeontology Li employed by Wright and EthflridgO to
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settle the dubious question of the true age of the Lower Oolitic de-

posits in the North of England.

"What a contrast is offered by this mass of willing though labo-

rious, and consentaneous though scattered efforts, all tending to en-

large knowledge and fortify the basis of theory, with the heap of

crude conjectures which formerly took the place now firmly held by
the true, however imperfect, natural history of the earth, which we
have founded on sections of the strata and classifications of organic

remains

!

"When, seventy years ago, the author of the Map of the Strata of

England and Wales began to teach some practical knowledge of the

earth's structure to miners and farmers, to Boards of Agriculture and

Directors of Canals, the language he employed was worthy of the

simplicity of the man, the subject, and the auditors. The strata

were deposited in succession—the lowest first, the uppermost last.

Each stratum was in succession the bed of the sea ; it contained the

remains of the animals then living in the water ; these remains were
similar in different parts of the same stratum, but unlike in different

strata. Thus was formed the scale of geological time, marked by
stratification and confirmed by the fossils, which we now employ.

§ PaloBontological Data.

The communications made at our meetings so rarely touch on
theoretical subjects, that, but for the discussions which ensue, it might
seem as if we had ceasetl to doubt, or ceased to hope and aspire after

higher generalizations. In tracing the history of the strata, whether
in neighbouring or in distant localities, we employ, without fear,

the evidence of organic remains to determine the place of the rocks

which contain them in the general scale of strata. Even when com-
parisons are made between the groups of strata on opposite sides of

the Atlantic—as between the Trenton Limestone of New York and
that of Llandeilo in South Wales*, or between the Silurians of

Europe and their Arctic representatives in Prince Patrick's Landf,

—

the affinity of the fossils is accepted as evidence of the approximate
contemporaneity of the rocks.

But beyond the ranks of our Society, among those who do not
share our labours, are some who do not accept our conclusions. They
doubt the logical applicability of our methods of reasoning to areas

so wide, to conditions so dissimilar, and to times so remote. They
doubt if the facts of succession of organic remains in the earth are

sufficient, or sufficiently investigated, to justify the inferences com-
mon in our books regarding the succession of ancient life, in periods

of long duration, under quite different aspects of nature.

Disbelief of this kind has in former times easily passed into hos-

tility—
Quodcunque ostendis mihi sic, incredulus odi

;

but in these days it may often be removed by a better knowledge of

* See Eogers's Geol. Map of N. America ; and Hall's Geology of New York,
t Haughton, Notice of Fossils found by M'Clintock,
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the problems we examine and. the conclusions we adopt. That better

knowledge may lead wise and benevolent friends of science to favour

our branch of useful knowledge by scholarships and fellowships, to be
won by conspicuous merit at our universities, and employed for the

benefit of our country in the field, in the senate, and the pulpit. If

our data be not sufficient, if our reasoning be not right, the moro
thankful should we be to the friendly sceptic who puts us to tho

proof.

An objection to the cogency of our conclusions in regard to tho

history of the changes which the surface of the earth has undcrgono
is founded on the incompleteness of the record which we find in the

organic remains. It is incomplete, in some departments more than
in others ; but we must not admit it to be insufficient to sustain just

conclusions ; for these cannot extend bc3"ond the data.

The main subject of the record by fossils is the history of the sea

and its bed ; and for this the data appear sufficient. They are

incomplete in regard to fresh water, the land, and the air, and
must ever remain so. It is only by the intercalation of reliquiae

derived from these, in the series of marine deposits, that we can assign

to them their right date ; and the occurrence of land and freshwater

remains among marine deposits is, and must always have been, com-
paratively rare, and, with reference to tho history of the ocean,

almost accidental.

Still we must not undervalue the evidence thus afforded. The coal-

deposits give us considerable information of the plants of one period,

naturally growing and gathered together on the edge of the sea ; from
the trias, the oolitic coal-fields, the wealden and cretaceous deposits,

avc obtain a large and varied flora of the Mcsozoic period ; and many
of the tertiary strata yield quite different groups of the later vegeta-

tions. Among the coal-deposits He skeletons of several reptiles *, a
few land and freshwater shells and articulataf

;
among the oolitic

shore- and river-sediments lie mammalia, with many reptiles which
lived on the land, or in fresh waters, or traversed the air ; and
in the tertiary group of strata the remains of all the vertebrated

classes, including lacustrine and terrestrial races, occur in abundance.
If we cannot thus reconstruct the whole animal and vegetable king-

dom, we have numerous and instructive examples of both at certain

important epochs in the three great geological periods.

To judge of the completeness with which individual groups aro

preserved to represent the whole series of thai particular life, wo
may select some very distinct marine genera rich in species. Such
occur among the Braehiopoda, Conchifcra, and Cephalopoda. For
example, Ttrehratuhi, possibly absent from all the Silurians, shows
itself frequcntlyin the Devonian, Carboniferous, and Permian strata ;

abundantly in the Lias. Oolites, and Cretaceous rocks; but sparingly

in the Tertiary beds and in modern oceans. In this extensive series,

tho shells of the genus retain always the characteristic tubules, tho

* Arc/icqnsaitrits in Europe, Daulrcrpcton and l////<»ioiiiu.s in Nova Scotia,

t Sonic recently found in the coal-deposits of Nova Scotia by Dr. Dawson,
besides tho insects of the English and European coal-beds.



XXXIV PROCEEDINGS OP THE GEOLOGICAL SOCIETY.

hinge-apparatus is similar, the internal supporting shelly loops are

similar, and the beak is similarly perforated. So Rhynchonella is

common in the Silurian, Devonian, Carboniferous, and Permian

rocks ; abounds in the Liassic, Oolitic, and Cretaceous ; but is hardly

known in the strata above, and is rare in the modern sea. A sur-

prising resemblance runs through all the groups, though, as in the

case of Terebratula, the fades differs in each of the great periods,

and, indeed, in the several systems in those periods.

"Whoever considers these facts with attention and with good col-

lections before him, can come to no other conclusion than that here

nearly the whole series of the forms of these genera is preserved to

us. The same conclusion is to be drawn from a study of Linyula

—a Cambrian and Silurian, but also a living genus, which has left

monuments in every group of strata, very little differing from the

recent examples.

When, then, we find the groups of the Oriliis Spirifer, Leptcena,

Producta, and Pentamerus so remarkably terminated at this or that

level, we are not required to interpose at each of these levels an

enormous interval of time unrepresented by forms of life, any more
than such a supposition is countenanced by the first appearance of

these genera. These beginnings and endings have relation to the

peculiarities of each genus and each species, and to the influences on
each. While Orthoceras died out, and Belemnites began and ended,

IVautilus lived on, with characters but little altered, through the

Palaeozoic and all later times, and is still a living genus. So Tri*

gonia, beginning in the muschelkalk, maintains its place on the

Australian shore ; and PJioladomya, whose geological range is nearly

the same, has still a representative in the sea at Tortuga.

One very important truth flows naturally from the examination

of such groups as RJiynchonella, Lingula, Pholadomya, and others

which have a long series of representatives in time. While the

natural group existed, its main structural characters persisted, and
its essential habits of life remained similar in all the lapse of time

;

so that we may feel confidence in applying to a fossil group the

arguments founded on real and structural analogy with existing

races.

P»y considering these and many other cases, it appears, with refer-

ence to the use we make of organic fossils in judging of the consti-

tution of ancient nature, that we are not without sufficient data to

determine the probable character of the atmosphere, and the probable

character of climate ; that we can trace the action of light on the

eyes of the primeval trilobite, in exciting the growth of coral, and in

tinting some of the shells ; that we can class the animal population

of every age according to its food, and thus, by just reasoning,

arrive at a conspectus of the state of the land and sea, which, though
incomplete, need not be regarded as erroneous.

Finally, whatever degree of imperfection may still cling to our
collections of data, it is daily growing less and less by the world-
wide industry of our zealous workmen. Pew of the several periods

of geology have been left without some natural monuments of the
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state of the land, sea, and air at the time. Far removed as they
may be, we can place them on their right step in the scale of time,

and apply to them the methods of interpretation which have hitherto

been found successful, because they proceed on the sure basis of the

observod laws of phenomena now prevailing in nature, and in this

respect follow tho teaching of Hutton and the example of Lyoll.

§ Provinces in Space.

The conclusion adopted by Brown, Forbes, Godwin -Austen, mid

most naturalists in regard to the plants and animals now in existence,

is that each species of this vast multitude came into being at a

determinate place, and spread from thence by natural means over

the neighbouring tracts, sometimes arriving at very great distances,

and appearing in unexpected situations*. Thus natural provinces

are constituted, each including a considerable number of forms
peculiar to itself, with others communicated from beyond its bounda-

ries. These provinces are not necessarily the same for animals as

for plants, nor for all the families cither of plants or animals f.

Tho unequal facility of distribution of different races comes in

further to disguise the classification in provinces, Still, with

Botanists and Zoologists almost universally, the principle of referring

each species to a definite local centre, and of constituting provinces

for many species having proximate centres, has been firmly supported

as a true representation of nature. .

Cases of very limited distribution occur, as in the Galapagos,

visited by Mr. Darwin, where a unique group of life enjoys what
seems to be a separate small province characterized by the herbivorous

AmLhjrlujnclius and several peculiar species of birds, which, how-
ever, on the whole manifest a great analogy to other species on the

American Continent, with which these isles may once have been
connected. By admitting local displacements of land and sea, Forbes

found in many cases an easy explanation of the occurrence of some
species and the absence of others in tho fauna and fiora of islands,

mountains, and branches of the sea.

Each of these species is conceived to be perpetuated in essential

BifUClme and habits of life, though subject to some variations, at

birth and during life, by the influence of surrounding circumstances.

Thus varieties arise, which are sometimes continued in races. Such
variations in the species appear, by experience, in some cases to

have natural limits, and are supposed to he limited in all cases;

though as to the amount of variation, and the width between the

limits, naturalists are not always agreed. Some, with LinnreusJ,

* See, on questions of this kind treated in this manner, BL Forbes in Memoirs
of the Geol. Survey, vol. i.; and Forbes and Godwin-Austen, Natural History of

the European Seas.

t See Woodward's Treatise on Molluscn for u Map of the Distribution of this

class of unwinds.

( The opinion of this great and thoughtful naturalist, as given in the • Amuni-
t.ites Acadeiniae,' and in a condensed form in the " Systcmu Nut lira ,' includes more

thun one of the vi ws proposed in later times. The philosophical \mr\» of the

writings of the illustrious Swede ought, to be- more fuiniliur to naturalists than

1 1 icy uppcar to be.
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extend the limits to include a whole natural genus ; others contract

them to species, and these very narrowly defined.

§ Provinces in Time.

Geologists have generally accepted these views, as they have done

in regard to fixed truths of chemistry and mechanics ; and they have

added, from the evidence which their peculiar studies yield, a definite

origin of each natural group in time, the approximate duration of

the life of many, and the epochs of termination of several. Thus

every specific form is conceived to have sprung into heing at a

certain point on the globe, at a definite epoch of time ; its existence

is traced through provinces of space and through periods of time, so

that it has a real physical history.

For those who adopt this view, the course of reasoning on the

succession of life on the globe is clear and convincing. It is, how-

ever, not universally adopted ; but the hypotheses which have been

framed to replace it (which always involve the idea of indefinite

change of form, structure, and habits) would not, if adopted, materially

affect the conclusions of geology, or change the practice of naturalists.

If it is by the course of progressive change from older types that

new specific forms have arisen, there must have been for each of

these a time and a place when it began to manifest the new specific

distinction. Geology needs not to discuss these hypotheses, sanc-

tioned though they be by eminent names, amongst whom our Darwin

is preeminent for powers of generalization operating on a large

basis of personal observation*. None of them appear to be wholly

without a foundation of fact, though none of them can be held to

penetrate more than a small way into the mystery of the origin of

species. We may grant, with Lamarck, the inherent power of an

organic body to undergo some change, or to effect some self-develop-

ment, by reason of the intensive or abnormal exercise of its organs

;

we may allow to external conditions some influence in modifying

the sensible characters of species, which is so boldly claimed by the

author of the * Yestiges of Creation ; ' and we may agree with Mr.

Darwin in his more practical view of the derivation of some specific

forms of one period from others of earlier date by descent with

modification. We may accept all this, and yet consistently retain

the conviction that the changes which are possible by such causes

are circumscribed within the many essential types of structure which

appear to be a part of the plan of creationf

.

* The work of this author on Fossil Cirripedia is one of the most remarkable

examples of his former careful discrimination of species (Pala?ont. Soc.) ; while

his latest publication, ' On the Origin of Species,' is the most elaborate essay yet

produced in favour of the descent of all known forms of life from a small

number of originally created types.

t In the following words of Linnaeus, the attentive reader will perceive proof

that some of the questions, now agitated with so much interest, have not been

neglected by this great " Minister and Interpreter of Nature" :—
" Supponas D. O. O. in primordio e simplici progressum ad composita ; e paucis

ad plura ! adeoque a primo Vegetabili principio, tot tantum creasse plantas

diversas, quot ordines Naturales. Has ordinum plantas IPSUM dein ita

inter se generando miscuisse, ut totidem exorirentur plantar quot hodie distincta
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Life is a measured gift—limited to certain lands of matter in

which only it can appear, and to the chemical and mechanical forces

which accompany it, act in it, and are acted on hy it—confined within

certain temperatures—contrived for certain conditions of residence,

in air, and in water—destined to a stationary home, or permitted to

wander—to crawl, to run, to leap, to dig, to fly, to swim, to float,

by appropriate adjustments which may be called in our language

very scientific applications of the laws of nature—guided by organs

of sense constructed to work in harmony with the rays of light and
the undulations of the air—endowed with calculated instincts, con-

sciousness, and volition. He who thinks himself equal to the problem

of connecting in Ms mind all these structures and adjustments, which
appear so special and so various and each so wonderfully adapted to

a special purpose—to derive all these determinate results from ono

formula of indefinite variation from one original germ of life,

" Child of the earth and sea and sun and air "

—

may well claim to be the equivalent representative in our time of

that old philosopher

" Qui genus humanum ingenio superavit, et omnes
Restinxit stellas, exortus ut tetherius sol."

Another view, even more desperate, which would ascribo an
indefinite origin to every definite form by the mere union of

elementary forces, may be answered by tho words of the Epicurean

Poet—
". . . .nequeant ex omnibus omnia gigni."

Neither Zoology nor Botany nor Palaeontology can countenance tho

supposition of many local origins for one specific form which can

be increased and diffused by known processes, nor more than one

epoch for its production and duration. In this, as in so many other

instances,
". . . .Vestigia nulla rctrorsum ;"

the group once ended, like the period to which it belonged, returns

no more.

That the recorded duration and area of distribution of species will

be augmented, that the number of so-called species will be reduced

by critical inquiry, can hardly be doubted by any one who is aware
of Mr. Davidson's valuable labours on the Urachiopoda*, or those of

Messrs. Jones and Parker on the Foraminifera+. By such labours

as these, the characters of the species which are retained will gain

rather than lose in distinctness ; and we may with more confidence

employ the purified nomenclature in reasoning on the early aspects

of nature. Nor will the recognizable varieties lose their value in

reference to time or physical conditions.

existunt Grnera. Natura dein Gcnericashas pluntas, per generationes aiiibinonu.-J

(qtUB structural!! florisnon mutant) inter so miscuisse ct mult iplica.-wo in Sjiirns

existentes, quotquot possibilos, cm'Iums tamon c nuniero spccicriiiu. :il> cju.-nnxli

generat iono product is. I'lautis Hi/hrirfis, utpote stcrilibus."

—

S//>f. edit. xiii.

* Monographs of tho Pala-onto^raphical Society.

t Referred to in tho Award of the Wollaston i>onution Fund, p. xxvi
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§ Zones bf Life.

To complete our knowledge of a geological province, we should

remember that, as in dredging the sea-bed account is taken of the

depth of water, the force of currents, and the quality of ground, so

in geological investigations of precision we should expect similar

attention to the separate collections from the coarse sands and
pebbles of the shore, the drift sands, the muddy expansions, and the

calcareous rocks. The general results to which we are accustomed,

which sum the whole into one catalogue for a given period, furnish,

no doubt, the best means of contemplating the system of life of the

period ; but in local monographs, and in monographs of species o

groups, the exact distinctive characters of the repository should, as

far as possible, be recorded. In regard to depth of water, it is only

by the record left in the structure of the stone, and succession of

laniinas, that we can find an independent measure ; and in this Mr.
Sorby has greatly helped us. A measure of depth derived from the

• analogy of the fossil to the recent groups is seldom to be implicitly

trusted. We may remark, further, that a series of fossils for any
system, to be complete, should include three groups—from calcareous,

arenaceous, and argillaceous repositories ; for these three sets of

deposits are really contained in each natural system of strata. One
of the earliest and most profitable exercises of my life was the

making a catalogue of the fossils in the collection of W. Smith,
before the removal of it to the British Museum. "When I had, follow-

ing my great relative's guidance, enumerated the 720 species of fossils

in. his collection, he set me to compose those tabular synopses of the

distribution of the more remarkable groups of fossils in the several

zones of stratification of which the Table of Echinodermata in the
< Stratigraphical System of Organized Fossils ' (1817) is an example.

No sooner were these constructed for a few groups, than two ideas

were strongly imprinted on my mind :

—

1. That the groups of fossils had some real relation to the mineral
and structural characters of deposits ; so that, while smooth oysters,

Gryphcea}, &c, were frequent in clays, and Terebratulidae rare in

them, we were to look for Zoophyta and Echinodermata in the cal-

careous bands
; Spongiadae in some sands and some particular lime-

stones; few fossils of any sort in peroxidated sediments, coarse

conglomerates, or pure sands of any colour. It appears to me that

this class of inquiry is still not enough followed out, either by ex-
plorers in local districts or by the palaeontologist of the study. With
so much the more pleasure, therefore, I welcome the extended ex-
ample of such studies given by Dr. Bigsby in his comparison of the

Silurian Eauna of North America and Europe.
2. That in each great natural zone of fossils there was to be traced

a poor origin, a rich development, and a subsequent decrease,—thus

apparently giving to each great natural period a zone of maximum
fertility in species, in which, more than at any other time, the

various orders of life acquire their full expression. With this idea

in his mind, a palaeontologist finds the whole Carboniferous period

one, though in it are several zones distinguishable by the prevalence
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of a few types, and by the paucity or absenco of others—the maxi-
mum of marine life being about the top of the Sear Limestone, or

the base of the Yoredale Series.
' So in the Silurian series of the Malvern tracts, the maximum zone

of life is in the Wenloek group, while from below (in the black

shales) the numbers of species rise from almost zero to 176, and then

dwindle again to zero in the Downton Sandstones, at the base of the

Old Led. So in the Lias, the lowest beds yield very few shells, and
no Ammonites or Lelomnites ; but from this the numbers swell

rapidly to a maximum, which for many groups is in the Oolitic series

of Lath (bxit for Ammonites and Lclemnitcs is in tho Lias), and

decays to a minimum in the comparatively poor Oolites of Portland,

Swindon, and Aylesbury.

In the Cretaceous strata we may perceive very clearly the influ-

ence of physical conditions on tho zones of greatest fertility; for

while the Mollusca generally are more abundant in the Greensands
and Gault, the Amorphozoa, Foraminifera, and Lryozoa seem moro to

affect the Chalk, and specially the Upper Chalk, from which most of

the Ammonites have disappeared. Fishes are most plentiful in the

Upper Chalk.

Nor can we fail, whilst studying the distribution of tho Cretaceous

i'aunu. to perceive a distinction of north and south districts, if not

provinces, Within the limits of Lritain. The northern chalk of York-
shire is comparatively poor in fossils, and, instead of tho Belemnitella

fouctOntttctf so common in the south, gives us in abundance Belem-
nitella tjwtdratd, which the chalk of the Baltic exchanges for B.
mammi/lnta. Observations of this kind, well carried out, appear to

justify the belief that in different or only occasionally connected

liasins the succession of forms might be somewhat different; and
that groups might be analytically resolved into several stages in one

tract, united together in a second, or complicated with new auxiliarh is

in a third.

The two most contrasted provinces of the middle Palaeozoic strata

(the Devonian and Welsh tracts) offer, in regard to their forms of

life, a very marked difference: little but Fishes in the latter; abun-
dance of Mollusca, Trilohites, Zoophyta, and Lryozoa in the former.

The hitter is a tract of mostly poroxidutod sediments; the former
has a large proportion of protoxidated rocks, and in these principally

are the treasures of fossil life. Sediments brought in different direc-

tions, with germs of local groups of contemporaneous life, are indi-

cative of these facts, which, besides, suggest to us the necessity of

reconsidering with care the relation of the truly limited Devonian
to the greatly expanded Carboniferous ami Silurian strata.

In the ease just mentioned, then, there is often traceable a con-

currence and coexf ension of certain given fossils with certain mineral

deposits— the fossils coextensive with and limited to those particular

deposits. So also the deposit of Aymcstry Limestone is the favourite

home of the conspicuous I'entnmerus Knii/htii, which may ho looked

for in vain where the limestone dien out in contemporaneous muddy
shahs. When the Lrndlbrd Cluy disappours, the peculiar local fauna
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of Farley Castle and Bradford, with its Tarbellaria, Apiocrinus, and
Terebratula coarctata, vanishes. So when the upper part of the Lias

dwindles in passing southward from Cleveland, we lose Leda ovum.

Amnion Lytliensis, and Balanus tubidanis
;
while, on the other hand,

as we proceed northward, and lose the Lower Lias shales, the bone-

bed vanishes. When the Lias Limestone grows obscure, Ammonites
BucTclandi and A. Conybearii cease; and this is the more striking,

because at intervals, some of the Middle and Upper Lias fossils, not

so limited in time, as A. bifrons and A. heteropliyllus, reach the coast

of Dorsetshire, and reappear on the Continent.

This unequal diffusion of definite forms of life may often be ascribed

to the progress of oceanic currents, which transported at once the

germs of life and the sediments in which they were buried. If we
trace by this means some of the ancient currents of the sea for any
particular epoch, we shall find, with surprise, some neighbouring tracts

to have been almost unconnected ; while very distant regions manifest

some effective communication. Thus, while the Trilobites of Bohemia
differ almost in every species from those of Scandinavia*, while only

a small proportion of the fossils of North Devon occur in South

Devon, the American genus Maclurea unexpectedly appears in the

oldest limestones of the extreme north-west of Scotland, and Ammo-
nites like those of Kelloway Bridge in "Wiltshire are collected in the

centre of Bussia and at the mouth of the Indus. So in existing

nature, when we find Spirula in so many distant basins of the sea,

between which now are no connecting channels, we must appeal to

earlier distributions of land and sea for the means of intercourse

which no longer exist. Thus Nature in some material aspects retains,

in the arrangements of life as well as in the form of land and the

peculiarities of physical geography, traces of the history of an earlier

time.

Another point which appears to be of great importance in tracing

the history of life, is the thorough examination of what are con-

ceived to be " passage beds" from one system to another. For ex-

ample, the Lingula-flags make a very remarkable zone in the series

of Lower Pakeozoic strata, separated by a considerable interval from
the more fossiliferous strata of Snowdonia. The dying-out of one

group of life, and the introduction of the other, in relation to the

mineral nature and structure of the masses, are worthy of special

attention in the vicinity of Tremadoc. In the group of the May Hill

Sandstones we trace very satisfactorily some of the circumstances

which characterize the introduction of the Upper Silurian fauna.

The Bev. W. Symonds has lately added some details of the right sort

in regard to the succession of beds, and their contents, at the junction

of the Old Bed Sandstone with the Siluriansf ; and Mr. Baily has

added to our knowledge of those " Upper Old Bed " laminations

which contain Cydopteris Hibernica and Anodonta Jukesii, and pre-

nunciate as it were the great Carboniferous system. To continue

this subject, I may recall to attention the very interesting junctions

* Barrande and Murehison.

t Read to the Geological Society, Nov. 2, 1859.
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of the English Coal-measures with the Magncsian Limestone series,

which generally show remarkable unconformity, but in a tract of

Yorkshire arc nearly or perhaps quite conformable. Here the exact

nature of the mineral changes, and the zones of Axinus, Stroplm-

losia, Nautili, Mytili, and other shells, will become better known by
the progress of the Geological Survey, which is now extended to that

region.

I may also refer to the still unsettled questions regarding the

triassic or liassic affinities of the bone-bed and the lowest Lias

shales, sands, and calcareous layers,—on which a valuable communi-
cation has reached us from Dr. Wright. This active palaeontologist

is proceeding with his careful survey of the several divisions of the

Lias in the south of England, and accumulating data for the further

discussion of the boundary (if it be necessary to draw as a Line what
nature marks as a zone) between the Upper Lias and the Inferior

Oolite.

§ Distribution of Ammonites.

Throughout the Lias and the whole Oolitic system, the evidence

of Ammonites is acknowledged by all geologists to be of the highest

value in determining the place of detached deposits on the general

scale of ancient life and time. This arises in a great degree from the

circumstances that the whole group of true Ammonites is limited in

time between the Trias and the Tertiaries, and that the species are

very numerous, very definitely marked, traceable from youth to age,

and grouped naturally into distinct assemblages, whose place in the

succession is constant. On these grounds Dr. Wright may well

be justified in attaching to them the same importance which was
assigned to them by W. Smith, whose unpublished Table of the

Distribution of Ammonites, drawn up by my own hands in 1817, is

now laid before the Meeting. It forms one of a series of such

attempts, of which an example has been printed, viz. the Table of

Echini, in the ' Stratigraphical System of Organized Fossils' (1817).

Yon Bach's valuable labours on the Ammonitida) are well known.
There yet remain a few unsettled points of classification of the

English and Scottish strata of the Oolitic series, for which a precise

knowledge of the sequence of Ammonitic forms may furnish a clear

explanation. Dr. Wright has lately placed before the Society a

proposal to assign to the Inferior Oolite of Yorkshire a portion of

the sandy, shaly, irony and calcareous beds which Prof. Morris and
myself have referred to the oolite of Lincolnshire, which at present

stands tor the representative of the Great Oolite of liath. The
evidence of fossils appeared even in 1825-18^8 in favour of refer-

ring these oolites of Cave and (Jristhorpe to the Inferior Oolite; but

it seemed indecisive to me, and has appeared so to almost every

Subsequent inquirer. In the section referred to, between unequi-

vocal Lias and unequivocal Cornbrash there have been gathered very

few Ammonites in addition to what were mentioned in my volume i,

In addition to Ammonitts Ulai/dcni, which was fuiind at Gristhoipe

so long ago, the diligent naturalists ot Scarborough have collected

VOL. xvi. d



[Quart. Jtmm. Geo/. Soc. vol. xvi., to face / m/e xli.

TABLE OF THE DISTRIBUTION OF AMMONITES, DRAWN UP BY Ps
>
UNDER THE DIRECTION OF WILLIAM SMITH, IN

28
|
29

I
30

Radii straight. Radii curved. Radii tubercled. i .livi.iiiiL.', but not from a tubercle. Radii dividing from a tubercle.

London Clay

Chalk

Greenland

Brick-earth

^Iwindon and Portland

Oaktree Clay

Clunch and ^h;iU'..

C'ornbrash

Fulht'a Earth

Under Oolite

Sand

Marlstone

Blue Marl

Lias

Mountain Limestone

A keel without a sulcu. on the back.

Norn (1) The Tablewas drawn up previous to the publication, in 1817, of the ' Stratigraphical System of Organized Fossils,' which contains a few more names of Ammnnit™ r.nm„ „„„posit
:

it was from the Upper Lias of Whitby, d, a related species, e, erroneously marked in this deposit ; it was from the Upper Lias of Whitby. (2) In ^Toripnal^aT spKi

which is now called A. Blagdcm. a is Goniatiles spierhm i was mark!those to winch names could be affised from Sowerby s ' Mineral Conchologr th

53
61

| 62

Radii enl

63 I 64 | 65 | 66

e. Radii divided.

sulci on tbe back. A sulcus round the back.

Strata.

i
-

London Clay.

Chalk.

Greensand.

Brick-earth.

Swindon and Portland.'

Oaktree Clay.

Chinch and Shale.

Cornbrash.

Fuller's Earth.

Under Oolite.

Marlstone.

Blue Marl.

Mountain Limestone.

of doubtful occurrence ; it was probably a drih
progress.

ted specimen, c was erroneously marked in this





xEl PROCEEDINGS OF THE GEOLOGICAL SOCIETY.

Ammonites Murchisonce* from the Dogger, A. Humphreysianusf and.

A. Parhinsoni from the Gristhorpe beds. These three species oc-

cupy in Gloucestershire three zones in the Inferior Oolite, in the

order here mentioned. In the same order they are reported to lie

on the Yorkshire coast,

—

Ammonites Parkinsoni occupying the higher

zone in each case, and A. Murchisonce the lower. This remarkable

analogy makes the palseontological evidence in favour of the slightly

greater antiquity of these oolitic beds preponderate, and renders a

re-examination of the oolite of North Lincolnshire and South York-

shire a very desirable work. I do not intend to neglect it.

§ Beds below the Chalk.

Nor are we entirely free from perplexity in regard to some other

deposits long known and much considered. The great Wealden
series, so interesting for its remains of the land and fresh waters, held

its place in the Oolitic group, according to all geological works-, until

within a few years. It has now been transferred by several writers

to the Cretaceous group. This has been done, however, without the

discovery in it of Cretaceous species, without any question of the

analogy to the Oolites,—of the flora, which much resembles that of

Stonesfield—or the fauna (such as it is), whether invertebrate, as

Paluclina and Unio, or vertebrate, as Lepidosteus, Megalosaurus, and

Cetiosaurus. No doubt Hylceosaurus and Iguanodon occur also in

the Lower Greensand ; but that is hardly a sufficient argument.

According to the view which seems to me probable, these Wealden
beds re-appear near Oxford, and occupy some considerable tracts to

the north-east, probably covered by, rather than mixed with, Lower
Greensand beds, though not so distinctly as in the typical "Wealden.

The Eed Chalk of Yorkshire is perfectly conformed to, and even

alternates with, White Chalk, and was classed by me with that de-

posit. It has been referred by some later writers to the parallel

of the Gault or Lower Greensand ; and Hunstanton Cliff is often

quoted in support of this view. But, as I am reminded by Sir C.

Lyell, who has lately inspected the Speeton Cliffs, the Red Chalk

occurs in a well at Mildenhall, in the White Chalk. I believe we
must leave it in the natural alliance formerly assigned to it, or

admit two bands of Eed Chalk of unequal antiquity^. In the blue

clays at Speeton there occur, as I formerly remarked, Kimmeridge
Clay fossils at the bottom, and Gault fossils at the top. In some
late visits, I have marked several successive zones of fossils in this

clay; I shall probably before long publish in a revised form my
ancient section of the Coast, so as to include much additional

information as to Speeton, Gristhorpe §, and the northern cliffs.

* I have observed this species among the fossils of the oolitic Dogger beds

(Inferior Oolite) of Thirsk, collected by the Kev. C. Johnstone,

t This I also found at Gristhorpe, 1855.

J General Emmett finds the Eed Chalk of Yorkshire to contain a very large

proportion of calcareous matter, and to be in some specimens fidl of Foramini-
fera. My specimens from Hunstanton are very full of Rotalia.

§ In the section of Gristhorpe Cliff printed in Geol. Journ. vol. xiv. p. 89,
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§ Pal<eonto1orjical Periods.

"Win n tracts of the old sea-bed so far apart as "Wales frpm Lisl)on,

Bohemia, Sweden, or New York, the Arctic zone, the Himalaya
range, or China are compared, and in all these countries the lowest

strata are found to he tilled with many forms of life remarkably

similar*, not only in the mass of the rocks, but also often in the

several groups of strata one above another, taken in the same order,

geologists conclude that these strata, which, taken separately or taken

in mass, have such remarkable agreement, were produced in the

same period of the earth's history. The agreement of the fossils

being for the most pail due to the deposition of the strata in one
oceanic basin, or to the free communication between one such basin

and another, so that the species of marine animals might be dif-

fused over parts of each, we have no reason to doubt that similar

successions of deposits—lying in the same part of a similar general

series of strata, and containing similar kinds of fossils grouped in a
similar manner—were of approximately contemporaneous origin.

In several of these cases they have a similar base of metamorphic
rocks, and a similar cover of J)evonian or Carboniferous rocks,—all

circumstances giving independent testimony to tbe truth of our

general conclusion. "We might further confirm it by the evidence

of displacements of the strata, at definite epochs and tbrough defi-

nite groups of the strata—movements which have raised the Silurians

before the date of the coal, and remodelled the whole area of tho

land and sea before the Trias and after the Chalk.

It lias, indeed, been objected that this conclusion is illogical—that

identity of time cannot be inferred from similarity of conditions

—

that the successive conditions of Silurianism, Devonianisin, &c, may
be due to a necessary sequence in the order of natural phenomena,
and may have commenced nt amj time, round any land which, by
ri-ing from the deeps of the ocean, came within the zone of light

and life in the waters. The objection is not valid. The dates of

the uprising of land are, indeed, as here suggested, various ; but

according to the period when each came under the influence of the

conditions requisite for life are. the deposits and the fossils which
.surround it. An elevation which can be proved to haw happened
after the Coal is followed by shore- and sea-deposil.s having the fossils

of the period, not the primeval fossils: the land which is raised

hears the vegetation of the period, not the primeval vegetation,

Tliu^ the sci ii s of .strata and <-t' fos>ils, taken as a whole, is hut one

—a function of the elapsed time ; lint the terms of the series appa-

tln tv i« :i str:mi;i- misplacement at t lie foul of llie paire. of the Words " and of mu-
rine or mostly marine origin." Tlie_\ should lime Uvn on page '.Ml, so as to in-

clude the IhiU which follow on that pajju us murine. The sense- is totally con-

fused h\ this mishap.
* Htliflitis i«,n>xi occurs in tin- limestone of North Somerset us well us in thu

limestones of l>cvon and the Niagara Limestone of New York. Afrypii u.sjtrni,

which was found \>\ t'apt. Ala. lure at l'niuvss Koyal Islands, occur* iilsu in the

limestones of the Kifcl and Devonshire, mid in the N'iu«uru L'roup of the N'o*»

World.

./ -J
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rent at any place depend on the 'physical history of the locality—

a

function of local conditions. In other words, the agreements depend

on concurrence of time ; the differences on disagreeing local con-

ditions.

The correspondence in time here indicated by the term contem-
poraneity may be understood as having only so much of definiteness

as belongs to the deposition of a stratified rock. Whatever pheno-
mena occurred within the limits of the duration marked by the

beginning and ending of such a deposit may be reckoned as of one

period, though they may not all be assignable to one precise or

momentary epoch. There are good reasons for doubting the exact

epochal correspondence of distant parts of the same continuous sedi-

mentary deposits (as, for example, in beds of obliquely laminated

oolite and millstone-grit, in which the successive deposition of parts

of the bed by currents flowing in ascertained directions is certainly

traced), but none which forbid our using these deposits to mark a

period having a certain place in a series of periods*.

Geology has thus obtained a true scale of relative time on which
to register all the events in the earth's history which fall within the

wide compass of her inquiry. Starting with a scale of strata exactly

determined, and rendered as perfect as possible in one basin, we
acquire a general series or scale of deposits, in the order of their

deposition, suited to a certain area of the ancient bed of the sea.

By examination of these deposits, we find in each of them fossil

marks of an intelligible kind, by which the place of any given step

in the series can be determined for the area in question. By com-
parison of one large basin of strata with another, it is found that

the fossils taken in allied groups have larger ranges than the mi-
neral or structural characters of the strata, and indicate that the

basins were occasionally, or frequently, in communication, so that

some corresponding forms of life are found to occur in both, in

several or all of the deposits, and in the same order of succession.

By thus comparing basin with basin, it is found that hardly one of

the stratified systems of rocks was so insulated by the circumstances

of its formation as to show no conformity with another in the se-

quence of ancient life, however different may be the appearance and
however unequal the completeness of the series of the groups of

strata. If there were any seas entirely separated (as now we see

the Caspian and other seas), the separation of them must have taken
place at some definite period, previous to which they were influenced

more or less by the general order of life in the other neighbouring

parts of the ocean. It may be taken as a general result of all this

inquiry, that there is but one general series of life represented in a

fossil state,—each term of this series corresponding to a geological

period, and, taken in a large sense, preserving one main or general

character, amidst many local variations, over all the areas yet inves-

tigated.

* Mr. Godwin-Austen has bestowed much attention on this subject. See also,

in my Treatise on Geology in Cab. Cycl. vol. ii. chap, vi., a discussion on this

subject, and a diagram in illustration.
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The conformity of which we here speak is sometimes of such a

kind as to be expressed by the term " identity of species," more
frequently by the near resemblance of forms in the same genus, for

which the name of " representative species " has been employed by
E. Forbes. The term species is and must remain somewhat am-
biguous in palaeontology while the observers of different regions

prefer the inglorious task of inventing new names for their native

fossils, instead of the useful labour of a strict comparison of them
with sufficient examples of the species already described by foreign

naturalists. But there is seldom any ambiguity in a generic term
;

and in each region we can at least count the specific forms, or what
are considered to be such. This being done, we gain at once a
power of numerical expression for the several groups which compose
the system of life of each period in each region, or what is preserved

of each system, and a representation of the associated life, inde-

pendent of the particular determinations of the specific elements.

Let us see the effect of such a method tried, in the systems of

strata in Britain, on the invertebrate groups of marine life. Taking
1000 for the sum of the species, and confining our computations to

large groups including several or many genera and species, we
obtain the following tabular numbers J, which represent the propor-

tionate prevalence of each of the selected classes in each great

selected period.

Zooph. Echin. Crust. Brach. Mon. Dim. Gast. Ceph.

32 28 13 3 52 *277 *+578 16
Cretaceous 35 *163 53 80 *166 t213 125 166
Oolitic and Triassic

.

55 70 15 74 126 +340 212 •190
Permian and Car-

boniferous 107 110 33 173 105 151 +178 126
Devonian *167 54 38 *+302 54 00 140 143
tSilurian and Cam-

157 04 *168 +237 44 116 110 103

[Asterisks are affiled to the numbers which are maxima in each class ; + indi-

cates most abundant group in each system.]

The preceding Table and the annexed Diagram represent to the

eye the relative prevalence of the several classes selected, in the

systems of strata named.

§ Physiological Relations.

Among the laws which appear most general as guiding tho
relations of living beings, is thai which expresses the reciprocal

dependence of animals and vegetables upon the atmosphere. Every
plant and every animal depends upon the free atmosphere, or upon
the atmospheric elements absorbed by water ; but this dependence

J The numbers in each group may 1h> taken from Morris's Catalogue, equating
tho sum to 101IO. Tin* method was much employed by me in collecting tli<-

results of my surveys in Devonshire (IKiU, &c.), for the l'ahrozoie f>!>«ils of that
county (1841): again in the Memoirs of the Geol. Survey, Malvernia ( 1844)

;

and in my Guide anil Manual of Geology (lb34-1855).
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is of such a kind that one absorbs the carbonic acid which the other

rejects, one restores the oxygen which the other takes away. This

reciprocity, considered in regard to the sea, is more important than

in respect of the free air. Without marine plants it is almost incon-

ceivable that the respiration of marine animals would be provided

for, especially in the deeper and more tranquil parts of the water.

We may consistently believe—and observation appears to justify the

belief—that in no period within the reach of Palaeontology were
marine plants wanting, except in the parts of the ocean so deep that

air and light and motion are very feeble in their influence. In
marine plants we have one long series of very analogous forms from

the earliest periods, corresponding to the uniformity of the conditions

of their life. Another law very frequently traceable in existing nature

is found in the reciprocity of herbivorous and carnivorous races,

by which, in connexion with plants, a complete circle of growth and
sustenance is established on the earth and in the water—commencing
with the atmosphere as the food of plants, these contributing to the

nourishment of half the animal world, which in its turn sustains

the flesh-eating races. This dependence is of such an order that the

herbivorous races may be conceived to exist without any carnivora,

but not the converse, and that one race of herbivora may be
balanced by one or another or a mixture of several carnivorous tribes

suited to the same element. In looking at the scale of ancient life

in the sea we shall find it preferable, in the first instance, to separate

the tribes which, like the Brachiopoda and Lamellibranchiata, are

nourished by Infusoria coming to their feeding-organs with currents

of water. So simple and easy a nutrition seems to warrant the

J

expectation that they were less liable to great variation of type than
carnivorous and even herbivorous races, whose life is more varied

and more dependent on the changes of external conditions. Let
us consider these points in regard to the marine races whose remains

are found fossil. Few tribes offer in this respect a more remarkable

contrast than the Brachiopoda as Infusorial feeders, and the Gastero-

poda, which as a class may be regarded as one-half herbivorous and
one-half carnivorous*. The Brachiopoda counted by genera diminish

almost regularly with the lapse of time, from 18 Silurian genera
to 2 Eocene ; while the Gasteropoda commence with 18 Silurian, and
augment to 78 or more Eocene. Again, if we separate the Gaste-

ropoda into two groups, the Herbivora commence with 18 Lower
Palaeozoic, and go on augmenting to above 50 Eocene genera, while

the Carnivora are almost unknown in all the Palaeozoic groups, but
grow continually in number to nearly 30 of Eocene date. These
and some other relations appear in the following Table, which shows
further that Monomyaria and Cephalopoda attain a maximum of

generic variety in the Mesozoic strata :

—

* In the following remarks, the Holostomatous Gasteropoda are counted as

herbivorous, the Siphonostoinatous genera are included as carnivorous: this

classification, though not strictly correct, is the only one applicable to the present

purpose.
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Brach. Monom. Dimy. Oast. a. Gast.i. Cephal. Fishes.

2 7 45 51 27 4 GO
10 13 44 18 10 *12 45

Oolitic 9 *17 46 37 9 5 49
Carboniferous .... 15 9 35 20 1 7 60

15 3 16 9 5 35
*18 5 17 18 5 4

*-

Infusorial Feeders.

Y
Herbivorous and Carnivorous.
Carnivorous.

Some years since (1842-44), while engaged in discussing the large

collections of Lower Palaeozoic Fossils for my Memoir on Malvern,

I found reason to remark on tho very limited molluscous fauna of

the whole Silurian scries in the south-west of Wales,—and in regard

to the Conchifera, to remark that in that whole district all the forms

appeared reducible to three great families—Aviculaceae, Mytilaceoo,

and Arcacese. If we trace in a diagram the geological distribution

of these families, it appears that hardly any bivalves, except such as

belong to Aviculaceae and Arcacese, occur
;
Mytilaceae (with what I

regarded as; allied forms, viz. Goniophora and Orthonota) abound in

the Upper Silurians. Once introduced, these groups never cease to bo

traceable through all the range of the strata ; and some of the genera

are continuous even from the Lower Palaeozoic to tho latest Tertiarics

and to the existing ocean. It seems, however, that two at least of

these families may be regarded as having passed the maximum. If

we compare with these the large groups of Lirnidae, Ostneidae and
Trigonidae, none of which really appear in the Lower Palaeozoic

strata, we find them to have their origin (with only a doubtful

exception in Limmi) in tho Mesozoic series, to have in that their

capital, and to be now reduced to a few representatives in nature.

Pectinidae, on the other hand, exhibit an intermediate character

—

rising, in the groups above the Silurian, to a maximum in tho

Mosozoic series, and being still an abundant group in the sea.

In tracing the history of some of these ancient families of Mollusea

through the long course of geological time, hardly anything is more
striking than the continuity of the character of each family, and tho

small additions which are made to it by ramifications of any kind.

Side by side with them grow up in later ages many other families, ;ls

the Cardiaceae, Yenerida\ Myadec. These do not appear to replace

the older types or to be derived from them, but to take parallel and,

it may be said, independent courses, so as to suggest to us, as to our
lamented Forbes, the conception of epochs rich in additional generic

ideas,—a poetical mode of expression not really clearer or more precise

than that of W. Smith, who regarded the life of each natural group
of strata as a separate creation—in which he is completely followed

by D'Orbigny and a host of modern writers.

If in the same manner we trace the families of the purely carni-

vorous group of Cephalopoda, the result will be very different. ( M -

thoeeratidae commence in' the LoWBT Palaeozoic, and end in tho
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Triassie beds of St. Cassian; JJautilacese begin in the Lower Palae-

ozoic, and are still existing ; Amnionitidae begin with the Upper
Devonian series, and cease with the Chalk • Belemnitidse are of still

younger date, first appearing with the Lias, and ending with the

Chalk ; while the Sepiadae and Teuthidae from the same date of origin

are continued to the present ocean, with the Argonaut, which is

unknown below the Tertiaries. In the case of the Orthooerata,

which die out and seem to be replaced by Belemnites, we have a

type of the many successive substitutions which this class of Mol-
lusks exhibits for study.

Thus in the Ammonitacese, Goniatites is followed by Ceratites, this

by the Arietes, these by the Falciferi, these by Coronarii, Macroce-

phali, Dentati, Ornati, Fleceuosi, &c, which and several other

groups occupy definite stages in the Lias, Oolites, and Cretaceous

deposits*. The successive sets of forms cannot, I think, be deduced

from the preceding ones : yet some real succession appears among
the Ammonites—in their sutures, so well examined by Yon Buch

—

and among the Belemnites, of which the Liassic, Oolitic, and Cretaceous

groups may be for the most part very well and easily distinguished.

§ Succession of Life.

The conclusion, that the most remarkable combinations of the

natural objects whose remains are found in the earth depended, like

the phases of human society, upon elapsed time modified by local

conditions—in this respect also like the changes of the families of

mankind,—this conclusion by no means closes the inquiry or solves

the problem of life on the globe.

In all parts of nature we perceive, and acknowledge with reverence

and delight, the most happy adjustments of structure and function

;

very often, adaptations of singular beauty to suit residence in air or

water; not seldom, special organization and habits fitted for parti-

cular works or constructions, or peculiar local conditions. " Com-
moda quibus utimur, luce qua fruimur, a Deo nobis dari videmus."

Zoology, botany, and physiology are full of these manifestations

of coordination of the structures and functions, of habits of life and
physical conditions ; and no well-reasoning mind can resist the con-

viction that the innumerable contrivances and coordinations which
are discovered in nature are evidence of a higher power of thought

than our own, an unlimited command of those forces of which we
can only measure the sensible effect in time and space, and an in-

tentional guidance of the complicated machine of creation by fixed

general laws, which hold together in harmony an incalculable variety

of variable elements.

Can we discover these laws ?

Perhaps not. The process of induction, by which alone we can

hope to reach a sure basis of theory, may be incomplete through

* See my Treatise on Geology, 1832, Encyel. Metrop. ; also ' Guide to

Geology,' and the articles " Goniatites" and " Tumlites" which I communi-
cated to the ' Penny Cyclopaedia.'
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want of space enough—for terrestrial physics are bound up with
cosmical vicissitudes,—and through want of a sufficiently complete

sequence in time ; for the " chain of life " (if that be a safe expres-

sion) may be so broken by the destruction of links, that no art can
reunite it.

Is there such a chain of life in existence ? Has such ever ex-
isted ? Is the actual life of the globe truly descended by ordinary

processes from the earlier systems which geology has brought to

light, so as in this sense to constitute such a chain '?

We may confidently declare that in the actual system of nature

no such complete chain can be traced ; no possible art of arrange-

ment can present plants and animals in one continuous series from
a lower to a higher type. Plants cannot be thus placed alone ; ani-

mals cannot be so placed. Not even the greater divisions of plants

or animals admit of exact collocation in linear series. What we
find are groups of allied forms, better represented by circular areas

than by straight lines, having analogies which point in different

directions,—and combinations of these into families, orders, and
classes, through which some general types of structure can be traced,

with limited deviations and modifications in all directions, often

suited in a remarkable way to the particular destiny of the creatures

which manifest them.

The classes or greater types to which we thus refer the largest

number of groups of existing nature were the same at all periods

when they existed at all—for some of the classes appear to be totally

absent from the earliest deposits. Some existing families and orders

are unknown in the strata ; and some which do occur there are no
longer living*. Finally, while several genera of animals have left

traces of their existence in every past great geological period, and
are still living, many have come into being and have passed away in

each successive period,—their places being either left vacant or re-

placed by others of the same natural family, order, or class, or by
some group having otber general affinities combined with peculi-

arities which serve as substitutes for the special functions of tho

perished races.

The idea of definite general types of structure, represented in all

* Professor Owen lias Prepared a full classification of fossil reptiles, in 1,T

orders, of which H appear to Ik; extinct, and .") arc both foesil and recent (Rep.
Urit. Assoc. 1 s.V.l). The following brief summary will explain thia classification :

—

Oanoccphala Carboniferous.

Labyrinthodontia ... Triussic?

Ichthyoptcrygia ... Lias to Chalk.

Sauroptcrygia Trias to Chalk.

Anomodontia Tria.-sic

I'terosauria Lias to Chalk.

Thecodont ia Triassic.

Dinosauria Lias, Urcensand.

Crocodilin Lias to modern seas.

Ijiccrtilia Oolitic, Cretaceous, Tertiary, Modern.
Ophidia Tertiary and living.

Chclonia Triassic, Oolitic, Cretaceous, Tertiary, liwng.

liatrachia Oolitic?, Tertiary, living.
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periods by forms which are subject to limited modification in each

period, rises naturally to the mind as best expressing the actual

relations of the world of life—the idea of one great design, reaching

through the immensity of time, essentially Hmited in its expression

by selected combinations, but within these limits admitting of a vast

variety of adjustments to varying local conditions

" Quoniam minui rem quamque videmus,

Et quasi longinquo fluere omnia cernimus sevo,

Ex oculisque vetustatem subducere nostris ;

Quum tamen incolumis videatur summa manere ;
"

§ Geological Time.

The earth, then, has a History—more complete in the sequence

and more precise in the knowledge of events than is usually found

in the history of any far-descended races of men. We cannot, in-

deed, marshal the events under letters which shall stand for anno

mundi ; we cannot compute their dates by years and days, by eclipses

and conjunctions
;
and, in this sense, the ancient and the modern

history of the world cannot be measured by the same Chronology.,

We cannot know the antiquity (that is to say, the date in solar time)

of any one ancient horizon of life, or great system of natural

agencies. But we are not debarred from computing the relative

lapse of time among the ancient deposits. The laws of Nature are

the same to-day as in the earliest time, however much the conditions

may have varied, and the ratio of effects to time may have varied

also. If we choose among the conditions those which are least vari-

able, as the mechanical action of water put in motion by declivity

of ground or tidal agitation, or wind excited by differences of tem-

perature and changing state of vapour—in a word, the atmospheric,

fluviatile, and oceanic agencies by which the earth's surface is wasted

in one part and modified by aggregation elsewhere,—we may em-
ploy the mean result of these actions as equivalent to a unit of time.

And, though it should appear that the conditions assumed as constant

were really variable, this variation may have been (or rather must
have been) according to a law of gradual change to greater or less,

which may become sufficiently known to allow of a probable cor-

rection.

The accumulation of strata of a sedimentary character, as sand-

stones and clays, is a result of the kind here looked for, and is ap-

plicable to all the groups of strata in which traces of life occur. If

the calcareous rocks be included, which were of slower accumulation

and from different causes, it will not vitiate the process : limestones

being included in each great natural system of strata, our unit of

time may be supposed affected by equal errors in all the systems.

We may assume any convenient thickness, so as to include the prin-

cipal varieties of watery aggregates—as limestone, sandstone, clay

(reckoning conglomerates with the sandstones, shales with the clays,

and chalk with the limestones). Take, then, the unit of thickness

such that it shall be y^yth of the ascertained strata in which life-

traces occur ; take the. thicknesses of the strata at their maximum
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in the British Isles ; we shall have the following scale of time against

the three great divisions of the stratified rocks* i

—

Scale 100
feet.

In which the earliest group

occupies 79, the middle

group 18, the latest only

3 2240

18 . . Mcsozoic . i.'iino

3 parte.

79 . 97164

72084

From such a diagram immediately arises the important inference,

that in the earlier periods of the world's history the changes of life

in the sea were accomplished at a rate much less rapid than that
which prevailed in later times, which agrees with the acknowledged
very wide distribution of palaeozoic forms in geographical space.

Admitting tho changes of life on the whole to be equal from the
Palaeozoic to the Mesozoic, and from these to the Caenozoie periods,

we find the rate of progressive change T\j for Palaeozoic, J~ for Me-
sozoic, and A for Coenozoic time,—a conclusion of great importance,
and probably indicative of the greater influence and superiority in
early times of a slowly changing physical condition of the whole:
globe over the partial and irregularly varying local conditions, which
were continually augmenting and are still augmenting in influence
with the lapse of time. Such a superior influence has been ascribed
to greater uniformity of terrestrial temperature than is now expe-
rienced.

§ Conversion of Geological into HiMoriad Time.

It is possible by some hypothesis of the annual waste of the sur-
face of land, or the annual deposition of sediment, as now observed
in the sea, at the mouths of rivers or in lakes, to transform the unit
of geological time above suggested into an equivalent term of years;
but the numbers which result for tho age of any given rock, like
those which represent the circumference of a circle in terms of its

diameter, are usually so lart;<- as to elude the grasp of memory or
imagination. As an example, let the Wealdcn group of Sussex he
taken, with its thousand feet >! deposits of .sand, clav, formed
by the action of an ancient river llowing through forests of a tropical
aspect, and nourishing reptiles ..1' a corresponding character. Let
the river lie assumed as equal to the (ianges in its power of trans-
porting sediment and in its extent of drainage. The sediments left
by such a river at its mouth might amount to a thickness „f 1 j„, |,

* The thicknesses are tuken from Professor Ramsay's coniimmieation to Mr.
Darwin.
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in a year on a surface of 3000 miles ; and therefore 1000 feet of

Wealden beds might thus be deposited in 12,000 years.

Again, the Weald of Sussex has been denuded by watery action,

and its arch of marine and fluviatile strata cut down on an average

about 1100 feet. Supposing the denudation to have been by at-

mospheric and river action, and at the same rate as the waste of

surface in the Gangetic area, we shall find it necessary to give

12000 x 111=1332000 years for the effect*.

If it be supposed to have been accomplished by the sea cutting

its way against cliffs, we may, by assuming this waste equal to the

most rapid destruction of any considerable part of onr coast (2\ yards

in a year by measure on the Holderness coast), considerably reduce

the period. But Mr. Darwin, by assuming a very slow rate of waste

(1 inch in a century), augments the time of this operation to the

inconceivable number of 306,662,400 years f ! To show how little

these computations are relied on, it is enough to say that Sir E. I.

Murchison does not admit the basis of either, denying the denuda-

tion to have been by ordinary atmospheric or ordinary oceanic

agencies.

Do not geologists sometimes speak with heedless freedom of the

ages that have gone ? Such expressions as that " time costs Nature

nothing" appear to me no better than the phrase which ascribes to

Nature " the horror of a vacuum." Are we to regard as information

of value the assertion that millions on millions of ages have passed

since the epoch of life in some of the earlier strata ? Is not this

abuse of arithmetic likely to lead to a low estimate of the evidence

in support of such random conclusions, and of the uncritical judg-

ment which so readily accepts them ?

Dismissing, then, any further examples of this geological calculus,

I may call your attention to one case of recent inquiry bearing on

the connexion of geological with historical time.

The River Somme, of historical celebrity, rising near St. Quentin,

and flowing by the walls of Peronne and the towers of Amiens, occu-

pies a gentle valley, not 100 miles in the whole length, in the chalk

country of Picardy. For a considerable part of this course the valley

discloses at intervals deposits of gravel sometimes elevated as much
as 100 feet above the river, and 6 to 12 feet thick, covered by whitish

marls and sand and unstratified brick-earth. The gravel is irregularly

stratified with sand ; it consists mainly of small fragments of flint not

much worn by attrition, but encloses besides masses of tertiary sand-

stone comparable to the " greywethers " of Wiltshire, and wedge-

shaped masses of flint several inches long, which appear to have been

shaped by art, for purposes of digging earth or scraping wood, or

less peaceful occupations. The gravel-deposit appears to be of fluvia-

* Within the drainage of the Granges (300,000 square miles) the average waste

of the whole surface appears, by the amount of impurity in its waters, to be

yiyth of an inch annually.

T In this computation there seems an error in principle—viz. that it:costs 500

times as long a period to waste a cliff 500 times as high. Cliffs are not wasted in

inverse proportion to their height.
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tile origin, due to freshwater currents flowing down the valley in

some ancient period. It contains land and freshwater shells of

species now living, and in some places bones of Elephant, Khinoceros,

Hippopotamus, Cervus, Bos, Equus ; so that here appear in one
deposit bones of various mammals, some of them extinct, and what
appear to be the instruments employed by a being of intelligence

superior to theirs, however inferior to that which Ave recognize even

among the rudest tribes of mankind. Of these flints very large

numbers have been collected since 1849, when M. Boucher de

Perthes first made them known at Abbeville, in his work entitled

' Antiquites Celtiques,'—several of them collected by the personal

exertions of the many geologists who have visited the localities.

Among these our own Prestwich is pre-eminent, alike distinguished

for extensive and accurate knowledge of gravel-deposit. At St.

Acheul, near Amiens, passing downwards from the brick-clay, 10 to

15 feet thick, in which appear many old tombs and some coins, he
found whitish marl, sand, and small fragments of chalk, with land
and freshwater shells (all of recent species) (mammalian teeth and
bones are also occasionally found), 2 to 8 feet ; and under this, 6 to

12 feet of coarse subangular flint-gravel (with ochreaceous seams),

tertiary flint-pebbles, and small sandstone blocks ; remains of shells

of land and fresh water in patches of sand ; teeth and bones of

Eltphas p-riiiili/cnim, Horse, Ox, and Deer, generally near the base.

In the lower part of this bed, 17 or 20 feet from the surface, are

found the flints which arc regarded as rude works of art.

At Menchecotirt, near Abbeville, under 2 to 12 feet of brown sandy
clay, with angular fragments of flint and chalk-rubble, appear light-

coloured sandy clay, with land shells of existing species (and it is

said, " flint axes and mammalian remains" occasionally occur), 8 to

25 feet; next white sand: land and freshwater shells abound in

this bed, which is from 2 to 6 feet thick, and contains remains of

Elephas primigi nius, Shinoe. tichorhinns, Box, ( rras, l
Trsus, Jlytnut,

Fills, Equus, and, it is said, flint implements. At the base, and
funning pari of the bed, is a layer of 1 to 2 feet of subangular rlint-

gravel. Amongst these flints are somo marine shells mixed with
freshwater kinds; above them lie most of the bones, and, it is said,

the greater number of the worked flints. At the bottom is light -

coloured sandy marl, with land shells. This occurrence of marine
shells was naturally to he expected in the part of the valley near the
sea, without supposing any remarkable change of level of land. The
flint implements wear a different aspect in the different sorts of
deposit which enclose them—being pure and bright in the clean

sandy parts, but ochre-stained and dull in the ferruginous gravel,

and coated with carbonate of lime where calcareous solutions have
affected the onworked flints. In fact, " the flint implements form
just as much a constituent part of the gravel itself—exhibiting the
same later influences, and in the same force and degree as the rough
mass of flint fragments with which they are associated*."

* Fret wid i, in Royal Soc. Proc. K»'J.
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From these facts it has been concluded that the mammalian bones

and the worked flints were deposited in and with the gravel by natural

,operations ; that the extinct mammalia named were coeval with some

race of beings which occupied that district, and have left this, but

no other, proof of the possession of a rude kind of art and a low

degree of intelligence. If we must ascribe these flint instruments

(which seem inferior even to the specimens of Australian art) to

the agency of the children of Adam, geological time, marked by the

extinct mammalia, seems to be at last joined, though not clearly,

to the human period, but not with any known data of properly his-

toric time.

A result so interesting cannot be received without prudent hesita-

tion and the hope of more complete evidence, not confined to one

bed of gravel. Still, results in this direction could not be wholly

unexpected. Elephas primigenius had its hair still attached to the

skin in the ice cliffs at the mouth of the Lena. Bos longifrons is an

extinct species, but it survived to be found among the reliquiae of our

own British ancestors, in their places of sepulture*. The Irish Elk

and Hippopotamus major have been often found in lacustrine depo-

sits and peat-bogs of post-glacial datef. Of the latter animal, three

skeletons in admirable preservation were taken from the alluvial

sediments in the valley of the Aire,—sediments which lower down
.the valley yielded, at the bottom, Red Deer and petrified hazel-wood

;

above these, the oars of an ancient oak canoe ; and higher still, but

yet several feet below the surface, the coin of an English king.

Here seems to be a continuous river-action from the period of the

Hippopotamus to the present day—following the same declivities,

broken by no convulsion, marked by no great physical change. The
valley-deposits of Amiens and the Somme, like those of Oxford or

Beading and the Thames, have a distinct relation to the general

configuration and slopes of the land, and in this sense, as well as

in the character of the organic contents, must be referred to the

latest of the geological periods. How much of analogy exists be-

tween the main characters of the gravel of the French and the

English valleys, and how much of interest belongs to many almost

unexamined fluviatile deposits of old date, may be illustrated by
some observations which I made a few years since near Oxford.

At Yarnton, a few miles north of Oxford, the valley of the Thames
expands so as to unite with that of the Cherwell ; and here a very

large deposit of gravel occurs, under some considerable depth of sur-

face-soil. Opened for the works of the railway, it was found to

yield teeth and tusks of Elephas primigenius, bones of men, and

ancient pottery. On visiting the spot I found about 16 feet of

ground excavated. At the bottom, Oxford clay ; on this a hard bed

of the glacial drift, with boulders and fragments compacted toge-

ther, chiefly of the quartzite so common in this drift near Oxford

:

on the top and cemented to this bed were many teeth and tusks of

* Owen is the authority for this statement,

t In North Lancashire.
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the Elephant ; above lay an irregular series of gravel, sand, and
loam, in many incomplete layers (elsewhere containing land shells

drifted), and some darker parts irregularly traceable upwards. These
being accurately examined, were found to be old pits, partly full of

dark earth, old British pottery, and human bones. They were places

of sepulture, a few feet deep ; but it required careful eyes to discern

the original limits, which time had rendered obscure

:

..." tantiun longinqua valet mutare vetustas."

This ground had been traversed by Charles L, retiring by night from
Oxford and the Parliamentarians, and little heeding the memorials
of earlier fights beneath his feet. What a succession of periods is

here offered to the mind in one opening 16 feet in depth ! What
errors might not be perpetuated in our books by a mere indiscrimi-

nate gathering of the spoils of one pit—spoils of historic, prc-his-

toric, and pre-Adamitic time, always truly distinguished by Nature,
though confused by heedless collectors.

Nor is it only in the collection of specimens that we are liable

to errors of neglect. When the collections come to our hands,

how often must we deplore the deficiency of authentic information,

the want of localities, the want of sufficient examples for study

!

When cabinets change hands, how many things become mixed which
should have been kept asunder ! how many things lose their his-

tory, because the mind which alone preserved it has passed away

!

If, through the lapse of time, our own collections have begun to

wear in places this doubtful aspect, let us rejoice that there still

remain amongst us a few of our earliest friends who remember the

objects for which these collections were formed, and retain a strong

desire to provide for their fulfilment. Already the ncccssaiy labour

of revision and re-arrangement is begun
;
progress is already made

;

our thanks are already due. By the election this day of Mr. Leonard
Horner as your President, you have taken the course at once most
useful to the Society and most agreeable to its feelings. You thus

express to him the respect and affection which a long life of devotion

to science and to this Society naturally engenders, and you encourage
him to persevere in a labour which few could undertake with so

good a hope of successful results. I trust that, when his term of

ollice expires, he will experience the gratification which 1 now feel

in acknowledging the kindness and forbearance which have sustained

me in the discharge of my duty, supplied all my shortcomings, and
enabled me happily and thankfully to resume my place among the

friendly members of a zealous, united, and prosperous Society.
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D. Sections in Somerset and Dorset, (1) Glastonbury Tor, (2) Yeovil,

(3) Henbury, (4) Half-way House, near Yeovil, (5) Bradford-

Abbas, Dorsetshire.
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§ IV. Conclusion.

§ I. Introduction.—The researches necessary to determine with

accuracy the range and distribiition of the Ecliinodermata in time and
space, for my monograph on the Oolitic species of that class, necessi-

tated a like inquiry into the history of the MoUusca associated with

them in the same beds. This study has led to a closer inquiry into the

subdivisions of the Oolitic Rocks in the South of England and on the

Yorkshire Coast, with the view of reconciling or explaining certain

real or apparent exceptions to the distribution of the species in their

different stages. The result of these investigations has been the

accumulation of a large quantity of materials, a resume of a portion

of which, relating to the Inferior Oolite, I purpose giving in this

memoir.

The study of the Oolitic rocks, during late years, has largely en-

gaged the attention of English and Continental geologists ; and
the united labours of so many competent observers in different lands

have brought to light many new and important facts, which have

shown how much still remains to be done to complete the history of

the Jurassic formation.

Nor are the results of such investigations limited to a knowledge
of these formations only ; for a more accurate examination of the

stratigraphical conditions under which the Jurassic rocks were de-

posited, and a more critical acquaintance with the specific distinc-

tions of their different faunas, will enable palseontologists to apply

the knowledge thus acquired to the solution of other problems in

geology. Eor in many respects the Jurassic series, as developed in

England, affords a better field for accurate investigation than any
other system of stratified rocks, inasmuch as its various stages and

their stratigraphical sequence, taken as a whole, are more complete,

more regular, and better exposed ; the different faunas, likewise, of

their various subdivisions have not only been collected with care, but

separate monographs on different classes of the Invertebrata have

been published by the Palseontographical Society :—on Corals, by
Professor Milne-Edwards and M.J. Haime ; on Brachiopoda, by
Mr. Davidson ; on the Mollusca of the Great Oolite, by Professor

Morris and Mr. Lycett; on the Echinodermata, by myself; to

which may be added the Description of the Fossil Insects of the

Secondary Rocks, by the Rev. P. B. Brodie. The small number of

palaeontologists, who practically study the distribution of species in

time, compared with the large number of geologists, who delight in

wider and more superficial studies, has led to misunderstandings

between these two classes of observers, injurious to the progress of
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our science,—the palaeontologist asserting that, when species are

critically studied, they are found to have a limited range in time

—

the geologist arriving at an opposite conclusion. Palaeontologists

are thus said to draw hard lines in the study of the stratified rocks
;

whilst geologists attempt to shade off these lines, hy asserting that

species blend together in certain so-called passage-beds.

These questions can only be settled by accurate observation and
a rigorous determination of the specific characters of the fossils im-
bedded in each superimposed stratum. When such an examination
of all the classes shall have been made, the comparative value

of the conclusions of the palaeontologist and geologist will be fairly

tested ; it will then, I venture to predict, become evident how
defective most of the lists of species in the infancy of our science

have been, and what an immense progress has been made by such

special critical studies. It is with the view of contributing my small

mite to this good cause, that I have drawn up with care lists of

fossils from the different zones of the Inferior Oolite for this memoir,
with the intention of proving that each of the subdivisions of that

formation contains certain species which are special to it, with others

that have a wider distribution.

The thinning out of the zones in limited geographical areas, and
their absence in others, are facts which have been much overlooked,

and readily explain the presence or absence of intermediate beds in

certain localities, and the greater or less development of the same
at other places, constituting no deviation whatever from those laws

which regulate the distribution of species in time and space.

§ II. TJie Cephalopoda-bed at Blue Wide, near Robin Hood's Bay,

Yorkshire.—In excursions made, in the summers of 1858 and 1859,

to Stainton-dalc Cliffs and the Peak, I had the satisfaction of finding

the true equivalent of the Cephalopoda-bed and sands at Blue Wick,
near Robin Hood's Bay, beneath a rock which I consider the base-

ment-bed of the Dogger, or Inferior Oolite—a- yellowish sandstone,

containing several scams of small round pebbles, which lie near the

bottom. The pebbly conglomerates are about four inches in thick-

ness, and recur at intervals. The sandstone contains fragments of

Belemnites, Cerithium, and Monotis nitescens, Simpson. The bed is

about five feet, and rests on No. 1, a band of dark friable shale,

resting on a hard ironstone-band, full of fossils. This lied is very

micaceous in parts ; and many of its shells are stained with per-

oxide of iron. I found clusters of Terebrabula trilineata, Young
& Bird, in the sandstone, with IhLwnitis r<>iiij>n suits, Voltz, B.

irreijidaris, Schloth., Triyonia Ramsay ii, Wright, and Uhynchom lla

cynocijthala, Rich. The same species occur in a ferruginous seam
of sandstone at Olaizedale. This lied is about eighteen inches thick,

and rests on No. 2, The J'< //<"'' Sandstunr, which is well exposed at

Blue Wick. It consists of irregular layers of soft yellow sandstone,

unequally indurated: some portions weather out and have hollows

in the cliff; others are line-grained, yellowish, highly micaceous,

thick-hedded, and variously jointed. The upper part of this rock is

B 2
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ochraceous, and contains seams of shells (Turritella, Trigonia, and

Astarte) ; one large block contained fragments of Ammonites inorna-

tus, Will, (=A. insignis, Schliib.), Ammonites Comensis, v. Buch, Go-

niomya angulifera, Sow., and two species of Crustacea (Glyphcea,

n. sp., and Glyphcea Birdii, Bean); the bed is about twenty feet thick.

No. 3, the Serpula-bed, a fine-grained greyish-yellow sandstone,

which forms a reef, dips gently to the south-east, and presents a low

escarpment to the north : it is regularly jointed ; and its exposed up-

per surface contains masses of Serpula, Vermetus compressus, "Will.,

Serpula dipleoca, Bean, Pecten intercostatus, Wr. n. sp., Ammonites
Aalensis, Ziet. (var. Moorei, Lye), and a new and remarkable spe-

cies of Pseudodiadema, belonging to the group tetragramma. The
upper portion of the bed, which is most fossiliferous, is four feet

thick ; the lower portion, about six feet thick, contains the same
species of fossils, but fewer in number.

No. 4, the Lingula-bed, or Grey Sandstone, is a soft argillo-mi-

caceous sandstone, in parts fissile, and having a bluish-grey colour.

This rock is divided by long joints, and forms "scars" at Blue

Wick. Its upper, fissile portion is fossiliferous, and contains Lingida

Beanii, Phil., Orbicula reflexa, Sow., and Monotis nitescens, Simp.

About the middle of the bed a layer of small nodules occurs
;
frag-

ments of Crustacea {Glyphwa Birdii, Bean, and Glyphcea, n. sp.

allied to G. rostrata) are obtained from these nodules. The lower

portion is rough and sandy, and passes into hard, argillaceous, nodular

layers. The following species are obtained from the sand :

—

Ammonites Aalensis, Ziet.

Comensis, v. Buck.
Belemnites compressus, Voltz.

irregularis, Schloth.

Alaria, n. sp., allied to A.Phillipsii, Lyc.

Cerithium quinquepunctatum, Des-

long.

vetustum, Phil.

Mytilus scalprum ?, Sow.

Pecten Wickensis, Wr. n. sp.

Goniomya angulifera ?, Sow.

Pholadomya fidicula, Sow.
obliquata ?, Phil.

Monotis nitescens, Simp.
Lingula Beanii, Phil.

Bhynchonella cynocephala, Eich.

Orbicula reflexa, Sow.
Terebratula trilineata, Young <|- Bird.

Glyphaea Birdii, Bean.
, n. sp., allied to G. rostrata.

Pseudodiadema Wickense, Wright,

n. sp.

The hard grey argillaceous nodules which He at the base of the

sand and rest upon the Alum-shale have hitherto been referred to

that formation. This band of rock, however, contains certain species

of Ammonites which are not found in any other stratum on the

Yorkshire coast; and it undoubtedly represents the lower series

of fossiliferous nodules which lie near the base of the Lias-sands in

Gloucestershire. The following species have been collected from the

grey nodules :

—

Ammonites Jurensis, Ziet. (gubernator,

Simp.).

insignis, Schliib.

obliquatus*, Young Sf Bird,

Beanii, Simp.

Aalensis, Ziet.

Ammonites striatulus, Sow.
Monotis nitescens, Simp.

Goniomya, n. sp.

Orbicula reflexa, Sow.

Lingula Beanii, Phil.

* Ammonites obliquatus and A. Beanii only represent different ages of the

same species, which is the Ammonites variabilis, d'Orbigny.
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The dark-grey calcareo-argillaceous nodules rest on the clays of

the Upper Lias or true Alum-shale, containing Ammonites crassus,

Phil., A. communis, Sow., A. fibidatus, Y. & B., Nucula ovum, Sow.,

and Trigonia literata, Phil.

Professor "Williamson * has truly observed, in reference to this

bed, " the top of this shale at Peak Hill appears to contain Am-
monites striatulus, Sow., enclosed in indurated masses ; and I am
not aware of its having been met with at any other locality. It

occurs so near the top [of the shale], that doubts are entertained

whether it belongs to the Alum-shale or to the overlying Inferior

Oolite." A careful examination of the lithological character of these

argillaceous nodules will enable a practised eye to distinguish their

matrix from that of the Alum-shale with which they have been con-

founded.

A geologist who has studied and compared the Cephalopoda-bed

and Liassic Sandsf, as developed at Nailsworth, Haresfield, Frocester,

Cam-Long-Down, Uley Bury, and Wotton-under-Edge in Glouces-

tershire, cannot fail to observe the similarity of these deposits to

the yellow and grey sands and argillaceous nodular basement-bed,

which he between the Dogger and Alum-shale at Blue "Wick, and
of which they are the true equivalents J.

§ III. TJie Inferior Oolite of the SoutJi of England, and of York-
shire.

1, The Zone of Ammonites Mukchison^;.

Synonyms.—" Dogger" (part), Young and Bird, ' Geol. of the

York. Coast,' p. 120, 1822 ; John Phillips, ' Geol. of York.' p. 38,

1829 ;
" The Central and Lower Division of the Inferior Ooolite,"

Murchison, < Geol. of Cheltenham,' p. 10, 1834 ;
" Fimbria-stage of

the Inferior Oolite," Lycett, ' Cotteswold Hills Handbook,' p. 34,

l!S57; " Zone of Ammonites Murchisonie," Wright, ' Monogr. Ool.

Echinodermata,' 1856.

Foreign Equivalents.—" Brauner Jura /9," Quenstedt, ( Fliizgeb.'

p. 538, 1843; " Calcaire loedonien" (part), Marcou, * Jura salinois,'

p. 70, 184G; "Calcaire il entroques" (part), Cotteau, 'Bullet. Soc.

Geol. France,' p. 638, 1861; "Brauner Beta," Quenstedt, ' Der
Jura.' p. 3152, 1

S ")S; ••
I Schichtcn des Ammonites Murchisonae,"

OppeL; 4 Die JurfifoniKition,' p. 326, 1856.

Description.—This zone attains a considerable development at the

western limits of tin- Northern Cottcswolds, where it consists of

thick-bedded oolitic limestones, resting on coarse ealcareo-siliceous

ragstoncs containing a large per-centage of the peroxide of iron,

* Trnns. Geol. Soc. scr. 2. vol. v. p. 227.

t Bee Quart Journ. Geol. Boo. vol. xii. p. 299 tt seq.

\ The reader may consult with profit a paper by my friend John Lycett, Esq.

on the sands intermediate 1" the Inferior Oolite and the Liu* of the L'ottcswoldn,

compared with a similar deposit on the coast of Yorkshire, in the Annals and

Mag. of Nat. Hist, for Sept. I
s >7.
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and beds of pisolite or pea-grit, strongly impregnated with the same
mineral. The freestones are in many places overlaid by a bed of

cream-coloured marl, containing a vast quantity of Terebratula fim-
bria, Sow. In the neighbourhood of Cheltenham this zone is well

exposed, and here appears to have attained its greatest development.

The aggregate thickness of the pea-grit, freestone, and marl is

about 190 feet. In the Southern Cotteswolds these beds become
gradually thinner the further they are traced southwards ; and at

Dundry they almost entirely disappear. In the eastern direction

the same result is found to exist : at Turkdean, near Northleach, the

zone is only about 50 feet in thickness, and at Sherborne about

5 feet ; near Burford it has entirely thinned out, and there the

Inferior Oolite is represented by the upper ragstones of the zone of

Ammonites ParMnsoni*

.

A. Sections of the Inferior Oolite in Gloucestershire.

Leckhampton Hill, near Cheltenham, presents one of the most
typical sections, in Gloucestershire, of the three subdivisions of the

Inferior Oolite, where the following beds are admirably exposed.

Beds Nos. 1, 2, and 3 represent the zone of Ammonites Parlcinsoni

;

bed 4, the zone of Ammonites Humphriesianus ; and beds 5, 6, and

A, B, C, the zone of Ammonites Murchisonce.

Fig. 1.

—

Section of Leckhampton Hill.

Leckhampton Hill.

f't!

1. Trigonia-bed.
2. Gryphaea-bed.
3. Brown rubbly oolite.

4. Flaggy freestone.

5. Fimbria-bed or oolite-marl.
6. Freestone.

A, B, c. Pea-grit and ferruginous oolite.

D. Cephalopoda-bed.
E, F, G. Upper Lias sand and Upper Lias clay.

h. Marlstone.
I. Lower Lias clay.

* Much valuable information, and many accurate sections, are given in my
friend Mr. Edward Hull's excellent memoir on the country round Cheltenham.
See ' Memoirs of the Geological Survey,' together with sheet 44 of the Map of
the Geological Survey of Great Britain, surveyed by Mr. E. Hull. Considt also
M. Triger's memoir on the Inferior Oolite of England, Bulletin de la Societe
Geologique de France, 2e serie, torn. xii. 1854-55, pp. 73-79.



1859.] WRIGHT INFERIOR OOLITE. 7

Section I.

—

Leckhampton Hill, near Cheltenham.

No. 1, the Upper Trigonia-grit, is a coarse brown ragstone, con-

taining many fossils,—chiefly(as moulds and impressions) of Trigonia

costala. Sow. ; Trigonia striata, Sow. ; Trrebratafa spdnosa, Schloth.

;

Ammonites Parlcinsoni, Sow.
;
Chgpeus P/otii, Klein ; Echinobrissus

clunicidaris, Lhwyd
;
Holectypus depressus, Leske.—7 feet.

No. 2, the Gryplum-grit, an ancient oyster-bank, composed almost

entirely of Grgplum snblnbata. Desk.; Phoiadomga Ihraidti, Ag.
;

Terebratula Meriani, Oppel, and otkcr skclls.—8 feet.

No. 3, the Lower Trigonia-grit, a Hgkt-coloured, tkin-bcdded

oolitic ragstone, containing a large assemblage of Conchifera, with

several species of Echinodermata and Corals.

No. 4. Upper flaggy bastard-freestone, well seen above tke oolitic

marl : 26 feet tkick. It represents tke zone of Ammonites Rum-
phriesianus, but is bere almost non-fossiliferous.

No. 5, tke Oolite-marl, or Fimbria-bed, is a cream-coloured

mud-stone, not unlike chalk-marl. The dominant shell is Terebra-

tula fimbria, Sow. : it contains likewise Lucvna Wrighti, Opp.; Lima
cardiiformis, Sow. ; L. Pontonis, Lye. ; Natica Leclrhamptonensis,

Lyc. ; Natica adducta, Phil. ; Mgtilas pectinatas, Sow. ; Astarte

elegans, Sow. ; Nerincea sp., Chemnitzia sp., and masses of coral,

chiefly Thamnastrcea Mettensis, Edw.
This bed was deposited under different conditions to that of the

freestone on which it rests, as its lower portion is slightly bree-

ciated, and the surface of the limestone on which that breccia rests

had been for some time exposed to aqueous action, and worn smooth
thereby. The oolite-marl measures about 7 feet in thickness, and
passes upwards into a marly limestone, becoming oolitic in tke

uppermost layers. Tins division of tke bed is about 10 feet thick.

The Fimbria-bed is a constant feature in the Inferior Oolite of the

Cheltenham district.

No. 6, the Freestone, is a compact light-coloured oolitic liun -

stone. The uppermost beds arc the best for building-purposes j the

middle beds are of an inferior quality, and stained in part with the

peroxide of iron ; the lower beds contain large oolitic grains, and
are called " roestone." The freestone, in all, is about 110 feet in

thickness.

Hie Pea-grit. (Inferior OoUte.)

ft. in.

A. A brown, coarse, rubbly oolite, full of flattened con-

cretions, cemented together by a calcareous matrix.

When the blocks weather, the concretions, whic h

resemble flattened peas, form a very uneven surface.

Ct contains many fossils in good preservation .... 12
Ik A hard, cream-coloured, pisolitic rock, made up of

flattened concretions of about the thickness of those

in A 10
C. A coarse, brown, ferruginous rock, composed of larire

oolitic grains: it is readily disintegrated by the

frost, and is ..1 little economic value. About .... L'<> O
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The Cephalopoda- or Jurensis-bed. ( Upper Lias.)

ft. in.

D. A brown marly rock, full of small, dark, oolitic grains

of the hydrate of iron, which are strewed in pro-

fusion in a calcareous paste. About 2

D'. A thin seam of yellowish sand 1-|

E. A dark-grey crystalline limestone, extremely hard,

and resembling some beds of the Carboniferous

Limestone ; it is bored in different places by Fistu-

lana, the shells of which remain in the excava-

tions 9

F. A brown argillaceous sandy bed, full of micaceous

particles, passing downwards into fine brown and

yellow sands. Thickness unknown.

G. Upper Lias Clay, of a dark-blue colour. Thickness

probably 160

Section II.

—

Crickley Hill, near Cheltenham.

The Freestone forms a fine bold mural escarpment in this hill, but

it is not much worked for building.

The Pea-grit, which is extremely well developed, is extensively

extracted for road-material. It admits of the following subdivi-

sion :

—

A. A coarse oolitic limestone, with large grains and nu-

merous concretionary bodies, extremely hard and

crystalline in parts 25

B. A coarse pisolitic limestone, composed of flattened

concretionary bodies, which are round, oval, or

flattened, like crushed peas 20

C. A coarse brown rock, very ferruginous, and full of

large oolitic grains 10

Section III.

—

At Beacon Hill, near the Horsepools.

A. A close-grained freestone, resembling the equivalent

bed at Leckhampton, but becoming flaggy in its

upper part 15

Av

. A close-grained yellow oolitic limestone, quarried for

road-material, much speckled with dendritical

patches of the peroxide of iron, and containing few

fossils. It measures 12

B. A yellowish sandy rock, separating into large blocks,

which contain fossiliferous nodules ; the fossils in

general are well preserved. It is not used for any
economic purpose ; and heaps of blocks lie close

together by the brown micaceous sands 1 8

C. A brown sandy oolite, passing into a coarse ferru-

ginous oolite; containing many fossils not well

preserved : oolitic grains of the hydrate of iron are

scattered through the brown calcareous matrix. It

measures from 8 to 10
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Inferior Oolite.

A. The limestones of the Inferior Oolite, which form an

excellent freestone, very similar to the same rock

at Birdlip, Frocester, Painswick, and Leckhamp-
ton, have a thickness of

B. Is not well exposed in this section ; the Inferior

Oolite limestone quarry is about half a mile from

the section of the lower beds ; and the intervening-

escarpment is covered by vegetation.

C. Is represented by a yellow, loose, rubbly oolite, rest-

ing on the Cephalopoda-bed ; it containsAmm onites,

other shells, and Serpula.

The Cephalopoda- or Jurends-bed.

D. A hard, brown, coarse, ferruginous oolitic sandy
limestone, speckled with flattened grains of hydrate

of iron ; the hard sandy bands are interstratified

with softer sand, which contains many fossils and
passes into

D 1
. A coarse oolitic rock, not so ferruginous as the upper

division, but with fossils of the same species
;
pass-

ing into thin bands of a ferruginous oolite like D.
E. A coarse oolitic rock, similar to D 1

; the same bed
occurs at Ozleworth and Sudbury. These three

beds measure about 16 6

F. The Upper Lias Sands are yellow and micaceous; they

contain inconstant and irregular layers of hard,

sandy, lenticular concretions, some of which are

fossiliferous. These sands measure 123

Upper Lias.

G. The Upper Lias Clay is very thin, and contains no-

dules of limestone at the top ; it nearly thins out

here, as its thickness is only 10

Middle Lias.

H. The upper bed of the Marlstone is a hard, brown,
calcareous sandstone, which forms the capping of

the Marlstone terrace 12
H 1

. The Marlstone is well developed, and consists of fox-

coloured sandstone, more or less ferruginous, with

grey, impure sandy limestone, containing oolitic

grains 186

Lower Lias.

I. The Lower Lias shales and limestones ; thickness un-
known.

The preceding sections exhibit the lithological character and
stratigraphical relations of the pea-grit and freestones, which, how-

ft. in.

80
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ever, undergo great and important modifications when examined
over even a limited area,—the pea-grit as regards its structure, and
the freestone its thickness. In the Southern Cotteswolds the pea-

grit loses its pisolitic character ; and in the eastern part of the hill-

district the freestones thin out and finally disappear,—the Inferior

Oolite heing represented at Stow-in-thc-Wold and at Burford by
the zone of Ammonites ParTcinsoni with its light-coloured ragstones,

filled with an abundance of specimens of Uiypeus Plotii, Klein, and
forming a " Clypcus-grit."

a. Fossils of the Pea-grit and the Freestones.—The beds A and B are

usually the most fossiliferous. The Echinodcrmata are well preserved

in the Pea-grit, and the shells of the Mal/iisca in the Iloestone.

Many of these are specifically identical with the Molluscan fauna
of the Great Oolite. The shells are for the most part small ; and
the Anatinidce, so abundant in the upper zones, are almost entirely

absent from this.

Ammonites Murchisome. Sow.
Nautilus truncatus, Sow.
Bclemnitcs spinatus, Quenst.

Patella rugosa, Sow.
inornata, Lyc.

Pileolus hcvis, Sow.
Nerita costata, Sow.

minuta, Sow.

Monodonta Lyelli, d'Archiac.

sulcosa, d'Archiac.

Natica adducta, Phil.

Cirrus nodosus, Sow.

Troohotoma carinata, Lyc.

Turbo capitaneus ?, Goldf.

Trochus monilitectus, Phil.

Solarium Cotswoldise, Lyc.

Nerina?a cingenda, Bronn.
Actaxmina Sedgvici, Phil.

Ostrea costata, Sow.
Placunopsis Jurensis, Iioemer.

Ilinnites velatus, Goldf.

Limea duplicate, Goldf.

Lima sulcata, Miinst.—— lyrata, Miinst.

Lycctti, Wriyht.

bellula, Mar. Lyc.
Pecten lens ? Sow.

Pectcn Dcvalquei, Opptl (P. vimineus,

Sow.).

Mytilus furcatus, Mibist.

striatal us, Gold.

Modiola Sowcrbyana, d" Orb. (plicnta,

Sow.).

Avicula complicata, Buck.
C'orbula involuta, Goldf.

Tuncredia axiniformis, Phil.

Ana Prattii, M<<r. \ Lyc.— pulchra, Son\

cancel lata. Phil.

lata, Dunk.

Trigonia costata (var. pidla), Sow.
exigua, Lyc.

Astarte interlineata, Lyc.

rhomboidalis, Phil.

Sphnra Madridi, <TArch.

Cyprina trapcziformis, Iiocm.

L'nicardium.

Myoconcha crassa, Sow.

Ccromya Bajociana, (P Orb.

Myopes rotundata, Buckm.
Cardium striatidum, Phil.

lsevigatum, Lyc.

Goniomya angulifera, Sow.
Pinna cuncata, Bean.

Tcrcbratula simplex, Buckm.
plicata, Buckm.
submaxillata, Davids.

Rhynohonella Wright ii, Davids.

decorata, Davids.

conciiina, Sow.
oolitica, Davids.

Scrpula grandis, Giddf.

convoluta, Goldf.
- plieatili.i, Mibisf.

(|iuidrilatera. Goldf.

flaecida, Goldf.

C'idaris Fowleri, Wr.

Houeliardii, Wr.
Wright i i. Iks<>r.

Khabdociiiaris Wright ii. Dcsor.

Acrosaleiiia Lytvttii, Wr.
I'seiulodiadema depre-simi. .(</.

Slomeeliinus ^'enninans, I'hil.

IV)lye\ pbus DeslongeliampMii. H'r.

I'cdina llakeri. Wr.

Homipediiia tetragramma. Wr.
perforata, Wr.

Bouei, Wr.
I'vuaster semiitulcatiis. Phil.
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Pygaster conoideus, Wr.
Byboclypus agariciformis, Forb.

Goniaster ;
fragment of a ray.

Pentaerinus ; 2 sp.

Thamnastraea fungiformis, E. Sf H.

Stromatopora dichotomoides, d' Orb.

Diastopor? -Waltonii, Haime.

? StfS**^K«i, de Blainv.

Montlivaltia Delabechei, Edw. Haime.
f

Haime.
Waterhousei, E. $ H.

\ ^ <c
. . > Haime.

cupuliformis, E. $ H. \ 'C. . . +iminea, Phil.

Axosraiiia Wrightii, E. $ H. Lichenopora Puiillipsii, Haime.
Latomseandraea Flemingii, E. $ H.
Isastraea tenuistriata, E. § H.

limitata, E. $ H.
Thamnastraea Mettensis, E. $ H.

Defranciana, E. Sf H.

iNwcpora dayjaicornis, Lamour.
Heterorjora co iiifera, Lamour.

pustuloses Michel.

TheonoaTCow^rbankii, Haime.
Berenicea duuviana, Lamour.

b. The Oolite-Marl or Fimbria-bed.—This remarkable bed is a well-

marked feature in the Leckhampton Hill section, and forms the

uppermost portion of the zone of Ammonites Murchisonce. It is a

very persistent stratum in the northern and middle Cotteswolds,

and extends across this portion of the plateau from the vales of

Moreton and Bourton, on the east, to the mural escarpments of the

oolites on the west ; but it appears to be absent from the southern

part of the range.

The oolite-marl resembles indurated chalk, and, being inter-

stratified between two beds of oolitic limestone, forms a conspicuous

feature in the sections where it is so exposed. It rests upon the

uppermost bed of the building-freestone, and underlies a thin-

bedded oolitic limestone. The marl varies from two to eight feet in

thickness, and, when exposed to atmospheric agency, breaks up into

cuboidal masses.

This rock appears to have been formed under different conditions

to those under which the underlying freestones were deposited : for

in some localities it contains masses of coral, chiefly of the genera

Thamnastraea and Isastrcea ; in others it is charged with immense
numbers of Brachiopoda, especially Terebratulafimbria, T. carinata,

T. submaxillata, and others. In some places it abounds with the

long slender shells of Nerinaza, forming in one or two localities a
" Nerinsean limestone." These paleeontological facts lead to the

conclusion that this local stratum owes its origin to a corallige-

nous bank in the oolitic sea. Corals are met with in moderate
numbers at Leckhampton near Cheltenham, and at Sheepscombe,

and Swift's Hill near Stroud : also in several other places Tham-
nastrcea and Isastrcea abound ; whilst in the Cheltenham district

the marl contains immense numbers of Terebratula fimbria, T.

submaxillata, T. carinata, and Rhynchonella Lycetti. At Selsey

and Eodborough Hills the marl is represented by a single bed of

buff-coloured argillaceous limestone, which contains few fossils and
is overlain by a thin-bedded freestone. At Scar Hill near Nails-

worth, the representative of the marl contains neither Corals nor

Brachiopods, but is charged with long spiral univalves belonging to

the genera Chemnitzia and Nerinwa, with a few Conchifera and
small Gasteropoda. The Nerinaean limestone is a fine argillaceous

rock, close in texture, and feebly oolitic, about one foot in thick-
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ncss. It is overlain by eighteen inches of sandy oolite, which is

capped by a compact bed of oolitic limestone, everywhere bored by
small vertical tubes of Marine Annelida. This rock has yielded

most of the Gasteropoda which I have collected from the oolite-marl

;

the fossils are so entirely imbedded in the matrix, that they have to

be carved out of the rock. The direct evidence of the existence of

Anthozoa in considerable numbers, added to the abundance of the

spiral univalved Gasteropoda (Nerincm) which nestle in coral-forma-

tions, together with the indirect evidence of a superabundance of

Brackiopoda, added to the lithological character of the marl itself,

which appears to be the product of coral-mud and other reef debris,

leads to the conclusion that the OoliU -marl is a portion of a Jurassic

coral-bank.

Fossils of the Oolite-marl.

Ammonites Murchisona?, Sow.
Nautilus clausus, d" Orb.

Chemnitzia procera, Beslong.

Neriinea gracilis, Lyc.

Cotswoldia?, Lyc.

Jonesi, Lyc.

Oppelensi9, Lyc.

pseudocylindrica, Beslong.

Cylindritis tabidatus, Lyc.
gradus, Lyc.

attenuatus, Lyc.

Natica eanaliculata, Mor. Lyc.

macrostoma, Roem.
adducta, 1'hil.

tumidula, Phil.

Trachotoma calyx, Phil.

tabulata. Lyc.

depressiuscula, Lyc.

Trochus monilitectus, Phil.

pyramidalis. Phil.

gemmatus, Lyc.

ornatissimus, cT Orb.

lamellosus, d' Orb.

Monodonta laevigata, Sow.
heliciformis, Lyc.

Cirrus nodosus, Sow.
Solarium Cotswoldia?, Lyc.

Ncritopsis sulcosa, (TArch inc.

varieosa, Mor. »}• Lyc.

Nerita costata, Sow.

Di'lphinula fuuata. Gold/.

quati'mo-cingillnta. Lyc.

Buckmani, Mor. iV Lyc.

Turbo claboratus, limn.

Phasianella subangulata, Lyc.

I'ileolus la?vis, Sow.

plicatus, Sow.
I'atclla inornata, Lyc.

IMcurotomaria funata, Lyc.

l.Tvji;at:i. Lyc.

sulcata. Son-.

CVrithium quadricinctum. Gold/.

FlIMUS. II. *|1

Alaria unicornis. Lyc.

spinigcra, Lyc.
laevigata, Lyc.

Ostrea grcgaria, Sow.
Placunopsis, sp.

ITinnitcs abjectus, Phil.

Mytilus imbricatus, Sow.
furcatus, Sow.

Plieatula. sp.

Pecten subcomatus, Miinst.

Lima punctata, Phil.

Ponton is, Lyc.

pectiniformis, Schlofh.

Myoconcha striatula. Gold/.

clongata, Mor. ij- Lyc.

Pcrna quadrata, Sow.

Tricbitcs nodosus. Lyc.

Ptcroperna costatula, Deslong.

gibbosa, Lyc.

lata. Phil.

Gcrvillia lanccolata, Gold/.

aurita, Lyc.

tortuosa, Phil.

Area cjinecllata. Phil,

carinata, Koch 4' Dunk.
Prattii. Mor. tf- Lyc,

Cucullu-a cueullata, Gold/.

Macrodon Ilirsoncnsis, if Arch.

Pimia euneata. Phil.

hastata, Lyc.

Unicardium gibbosum, Lyc.

Opis Mori annus, Hiiro/ii.

gibbosus, Lyc.

elongatus, Lyc.

Trigonia costata (var. pullus). Sow.

costatula, Lyc.
— - angidatn. Sow.

striata. Sow.

subglobosa. Mat. X Zjjftt

Cypricanlia corditunin-. />•/.

Cyprinn enrvirostrn, Lyc.

nuciformis. Lyc.

Sut'vica. Gold/.
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Cyprina picta, Lyc.

Lucina Orbigniana, d'Arch.

Astarte depressa, Goldf.

bullata, Lyc.

transversa, Lyc.

excavata (var. cornpressiuscula),

Sow.

Myopsis punctata, Buck.
compressus, Lyc.

Goniomya angulifera, Sow.

Anatina pinguis, ? Agass.

Ceromya concentrica, Sow.

Terebratula submaxillata, David.

fimbria, Sow.

carinata, Lam.
galeiformis, David.

plicata, Duck.
simplex, Duck.

Rhynchonella subobsoleta, David.
concinna, Sow.
subtetrahedra, David.
Lycetti, David.

Pedina Bakeri, Wright.

Stomechinus germinans, Phil.

Polycyphus Deslongchampsi, Wright.
Pseudodiadema depressum, Agass.

Cladophyllia, sp.

Cosmoseris vermicularis, ikf'Coy.

Convexastrasa Waltoni, Edw. §• Haime.
Isastrasa limitata, Lamx.

Davidsoni, Edw. Haime.
Thamnastrsea Defranciana, Michl.

concinna, Goldf.

Mettensis, Edw. $ Haime.
Stylina solida, Ml Coy.

Many of the Gasteropoda, and most of the Conchifera, in the above

were collected by my friend Mr. Lycett, chiefly from the marl near

Nailsworth ; the BracMopoda and Echinodermata I collected at Hart-
ley Bottom, near the Seven Springs ; the Corals were collected near

Cheltenham by myself, and near Sheepscombe and Birdlip by my
friend Mr. J. Jones. To Mr. Lycett we are indebted for cataloguing

most of the species of Mollusca.

B. Section VI.

—

At the Peak near Robin Hood's Bat,

Yorkshire Coast.

a. The Zones of Ammonites Murchisonse and A. Hnmphriesianus.

The middle and lower subdivisions of the Inferior Oolite, together

with the zone of Ammonites Jurensis, are admirably exposed in the

magnificent coast-section at the Peak near Robin Hood's Bay.

No. 1. On descending from the top of the cliff about half a mile

south of Peak Hall, we first pass over some beds of the upper sand-

stones
;
they are of a slaty structure, and are much shivered. Be-

neath these

—

No. 2. The Grey Limestone ("Bath Oolite" of Phillips) forms

two conspicuous bands in the cliff, separated from each other by
softer shaly beds. This rock is very hard and persistent ; and the

shales above and below it having been decomposed, it stands out

in relief. The oolite may be from fifteen to twenty feet thick, and

is fossiliferous.

No. 3. The Block Sand-rock crops out beneath the grey lime-

stone. It is in part a thick-bedded sandstone, which forms a very

prominent band in the cliff. The lower part of this bed becomes

slaty where it rests upon the Millepore-rock.

No. 4. The Millepore-bed is a hard crystalline calcareo-siliceous

rock, partly oolitic, abounding with fragments of Crinoids, Echino-

derms, Polyzoans, and shelly fragments.

No. 5. The Millepore-rock rests upon a bed of thick sandstone.
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which forms an immense prominence at the base of the cliff. In

cu)is<'<|Uf]K-e of the disintegration of the shaly bed beneath tli<'

block-sandstone, there has been a considerable fall from the upper

beds, and an extensive waste in that portion of the cliff. In fact, a

wide amphitheatre is here excavated, the floor of the terrace

being formed by the crystalline Millepore-rock, upon which large

blocks of grey limestone and block-sandstone have fallen, looking

like glacial boulders on a raised beach. From these detached masses

of grey limestone a good series of oolitic fossils may be obtained. On
descending from this thick sandstone bluff, we meet with the upper

sandstones of the " Dogger," which, near this point, rise on the shore.

b. The Dogger.

No. 1. The " Dogger" rises on the shore to the south of Blue Wick,

where it has a considerable thickness; but it becomes gradually

thinner as it rises in the cliff. The uppermost bed is a strong

sandstone, of a reddish coloiu- ; it is extremely hard, and contains

much iron, and has a number of small rounded pebbles disseminated

through the bed, which arc sometimes in scams. Where the rock

is weathered, they project in relief from the surface, and are well

seen from the shore. This sand-rock appears to be unfossiliferous.

It measures about eight feet in thickness. It rests upon, or rather

it encloses, a fossiliferous seam, containing all the characteristic

fossds of the Dogger, the following list of which is made from speci-

mens contained in Mr. Leckenby's cabinet.

Fossils of the Dogger, in

Natica adducta, Phil.

cinctii, Phil. sp.

tuniidula, Phil.

Chemnitzia vetusta, Phil. sp.

Scarburgcnsis, Lyc. tf- Mor.

Cunt hiuin multipunetatum, Deslong.

Beanii, Lyc. § Mur.

, sp. nov.

Nerinira cingenda. Sow. not Phil.

cingenda, Phil, not Sow.

Alaria Phillipsii. Lyc. $ Mor.
Turritella quadrh ittata, Phil.

Littoriiia punctura. Pain.

Trochus mscrtus, Phil.

pyramidatus, Phil.

— - jugosus, Bean, MS.
I)clphiuula granata, limn. MS.

Turbo claboratus, Lyc. if Mor.

Phillipsii, Lyc. if Mar.

fiuiiculatus, Phil.

Nerita laevigata, Sou: not Phil.

laevigata, Phil, not Sow.

bcllulata. Bean, MS. (
Approaches

lavigata, Sowerby, but ifl more co-

nical and has a channeled suture, i

Trochotonia calyx. Phil. sp.

, §p. n.

i Mr. Leehenbg's Cabinet

.

i Actironinn huineralis, Phil. sp.

Sedgvicii, Phil. sp.

Rhynchonella obsolete, Sow. sp.

Ostrca solitaria, Sow.

speeiosa, Bean, MS.
Pecten arcuatus, Sou:

Hinnites abjectus, J'hil. sp.

Lima, sp. n.

Avieula Mucnsteri, (ioldf.

Gcrvillia tortuosa, Phil. sp.

1 1 art man 1 1 i . (ioldf.

Pteroperna plana, Lyc \ M<>r.

striata, Bean, MS.
Mudiula aspcra, S<iu:

plicata, Si>u:

imbricata. Sow.

cuneata, Sow.
Mvtilus cuncatus, Phil.

C'uculliea canccllata, J'hil.

reticulata, Phil.

Macrodon llirsoncnsis, tfArch. sp.

Nueula variabilis, S>n:

\n-i\n lacrvnia. S u: sp.

('.udiuin acutaiiyuluiii. /'/.

gibbcrulum. /'////.

gtriatulum. Sow.

bsuet'tum, I'h.i.
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Quenstedtia laevigata, Phil. sp.

? tenuissima, Bean, MS.
Tancredia axiniforrnis, Phil. sp.

Mya ? sequata, PA«7.

Corbula dubiosa, Bean.

Thracia, sp. nov.

G-oniomya angulifera, Sow. sp.

Ceronrya Bajociana, oV Orb.

Gresslya abducta, Phil. sp.

Sowerbya triangularis, Phil. sp.

Cardium crenulatum, Bean, MS.
Trigonia costata *, var. pullus, Sow.

V-eostata, Lyc.

composita, Lyc.

Opis Phillipsii, Morris.

Astarte elegans, Sow.

excavata, Sow.

minima, Phil.

Isocardia cordata, Buckm.
Cytheraea dolabra, Phil.

plana, Bean, MS.

No. 2. This very richly fossiliferons seam is made up of a con-

geries of shells, which lie in all directions in the bed. Chem-

nitzia and Nerincea are found ahove ; and JSfatica, Astarte, and Tri-

gonia are in great abundance beneath. The matrix is deeply impreg-

nated with ferruginous matter. The shelly conglomerate is ex-

tremely hard, of a deep-brown colour, and forms a conspicuous

band, about one foot in thickness, in the cliff. It rests upon a

second unfossiliferous sand-rock, similar to the upper sandstone,

the fossiliferous seam being interstratified between them.

No. 3. Beneath the preceding is another sandstone, charged with

iron, but with few or no fossils, and measuring from six to eight

feet in thickness. The three beds may be considered as one ferru-

ginous sandy deposit, with an intermediate fossiliferous zone. The
whole measures from 16 to 18 feet.

* [This valuable note has been contributed by John Lycett, Esq.] Trigonia

composita, Lyc. (Syn. Trigonia striata, Phillips, Geol. of Yorksh. vol. i. pi. 1 1

.

fig. 38., not T. striata, Sow.). This new designation is proposed for the

Dogger ally of T. striata, figured and catalogued by Phillips, and subsequently

quoted by Williamson and other palaeontologists. D'Orbigny, in his ' Pro-

drome,' judging probably solely from the figure given by Phillips, refers it to

the T. tuberculoid, Agassiz, a species which, in Wiirtemberg, appears to oc-

cupy nearly the same geological position ; but an examination of the Yorkshire

specimens renders it impossible to acquiesce in this view. Many of the Testacea

at Blue Wick have suffered compression ; and their general condition in other

respects is not satisfactory ; to these obstacles to a clear comprehension of them,

it must be added that the Trigonia itself is very variable in the characters of its

costa?, which may be described as tuberculated rather than crenulated. Owing to

these varying conditions, it happens that the greater number of the specimens

differ somewhat from the little figure given by Professor Phillips, although it is

not unlikely that the figure in question may fairly represent some particular

specimen. Trigonia composita is more elongated than T. striata, but less so

than T. tuberculata ; the umbones are elevated and moderately recurved ; the

marginal and inner carina;, which are conspicuous and tuberculated, have a

graceful curvature; the area is moderately large, flattened, with dense and
delicate transverse striations, bounded by the two tuberculated carinas, and tra-

versed by a mesial oblique row of tubercles ; the lanceolate space is lengthened

and smooth. It rarely happens that the costa? have the regular curvature which

is seen in T. striata or in T. formosa
;
they often form a kind of undulation to-

ward the posterior side : the costae are then more oblique, and little prominent

toward the anterior side, they approach the carina at a less angle than in the

before-mentioned species, and likewise differ from them in having the largest

tubercles near to the carinal extremity. The most striking distinction con-

sists in the three rows of tubercles upon the area, and its bounding carinas,—

a

feature which rather tends to connect it with the considerable group of species

allied to Trigonia clavettata. In the Dogger, at Blue Wick, it is tolerably abun-

dant.—J. L.
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No. 4. Another ferruginous sand-roek appears below the latter,

which contains seams wTith fossil shells. In these I observed Tri-

gonia, Astarte, and Nerhuea. It measures about 5 feet, and is under-

lain by
No. 5. A yellowish sandstone, in which I found seams of small

roimded pebbles, lying at the bottom of the bed. The pebbly con-

glomerates are about four inches in thickness, and occur at intervals.

I observed in the upper part some fragments of Behmnites, a Ceri-

th'nua, and a small shell resembling an Avicida. The bed measures

about 5 feet in thickness, and appears to be the lowest of the In-

ferior Oolite. Those which follow between No. 5 and the Alum-
(shale, I refer to the zone of Ammonites Jurensis*.

2. The Zone of Ammonites Humphries!anus.

Synonyms.—" Inferior Oolite of Dundry Hill," Conybeare and

Phillips, 1822, ' Outlines,' p. 236 ;
" Grey limestone, Bath or Great

Oolite," Phillips, < Geol. of York.' 1829, p. 149 ; " Zone of Ammo-
nites Humphrimanus" Wright, ' Monogr. on Brit. Ool. Echinoderms,'

1856.

Foreign Equivalents.—" Eisenrogenstein (part) und Walk-Erde
Gruppe," Fromherz, 1838, ' Die Juraformation des Breisgaues,'

pp. 13-17; " Brauner Jura y und S" Quenstedt, 1843, ' Flozgeb.'

p. 538 ; " Calcaire femigineux," Terquem, 1855, ' Palcontol. du
Depart, dc la Moselle,' p. 25 ;

" Blanc Kalke, Korallcnschicht,

Giganteus-Thone, und Ostreen-Kalk " (Quenstedt), Pfizenmaver,

'Zeitsch. Dent, geol. Gesellseh.' 1853, vol. v. tab. 16. (Oppel, p. 333.)
Description.—The zone of Ammonites Humphriesianus forms an

important subdivision of the Inferior Oolite, and is characterized by
a fauna very rich in many species of Gasteropoda and Cephalopoda,

which are found in no other zone of life.

The lithological composition of the fossiliferous beds, whether
examined in France, England, or Germany, is very uniform through-

out. Everywhere the calcareous matrix is freely strewed with

small oviform ferruginous particles, which impart an iron -shot cha-

racter to the rock,—a physical feature so well exemplified in the

oolites of Dundry and Yeovil, in England, and of liaveux and Mou-
tiers, in France.

The best types of this zone in England are the lower portion of

the Oolites in the section at Dundry Hill near Bristol, and the

sections seen in the extensive <|u;trrics near Yeovil and Sherborne,

Somerset, and Hurton-Bradstoek and Cliideock. Dorset. The pecu-

liar lithological character of some of the beds of this subdivision,

containing, as they do. ferruginous oolitic grains disseminated in a

brown nmdstone, led my lamented friend the late H. K. Strickland,

Ksq., to consider the iron-shot oolite of Dundry as the equivalent of

* It is dangerous to attempt this coast- sect ion without a guide; and I would
advise geologists desirous of examining the locality to oht:iin the si r\ ices of

Mr. Peter I'ullen, of Scarhorough, who |>osscsscs a me-l accurate know ledge of

all the hods here exposed Without his ahle assistance. I feel that u\\ t;i»k would
have boon indifferently performed

vol.. xvi. r \rt I. C
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the Cephalopoda-bed of Haresfield Hill. On this subject he ob-

served—" A few miles to the south the Pisolite disappears, and is

replaced near Painswiek and at Haresfield Hill by strata containing

ferruginous oolite-grains in a brown paste. This is the precise

equivalent of the well-known oolite of Dundry, near Bristol, which
maybe recognized as far as Bridport, on the Dorset coast*." A
comparison, however, of the species of Ammonites and other shells

collected in these different localities shows that, besides a similarity

in lithological structure, there is nothing in common between the

strata.

The position of the Ammonite-bed at Dundry Hill has likewise

been a source of error, placed, as it is, so near to the Upper Lias

sands, and overlain by other shelly beds and thick-bedded oolitic

limestones, just as the Cephalopoda-bed at Procester Hill and
Haresfield Hill is overlain by the shelly beds and oolitic limestones

of the zone of Ammonites Murchisonce. The fact, however, appears

to have been overlooked, that the Oolitic beds in the South of Eng-
land vary much in thickness in different localities, and even thin

out within short distances from each other. "When this happens,

strata which in one locality are separated by a considerable thick-

ness of rock, in others are brought into juxtaposition. The thin-

ning out of the zone of Ammonites Murchisonce and the absence of

the zone of Ammonites Humphriesianus, near Burford and other

localities in the north-east parts of the Northleach district, have

brought the zone of Ammonites Parkinsoni in close relation with

the clays of the Upper Lias ; so, in like manner, the thinning out of

the zone of Ammonites Murchisonce at Dundry Hill has brought the

zone of Ammonites Humphriesianus in close relation with the sands

of the Upper Lias.

In the Northern Cotteswolds the zone of Ammonites Humphriesi-

anus is best represented by a series of ferruginous oolitic limestones,

raised for road-material at Cleeve Hill, between Cheltenham and

"Winehcomb, and which are well exposed in the following section.

A. Section VII.

—

The Rolling-bane Quarry ; Cleeve Hill,
North End.

On leaving the "Winehcomb road, about a quarter of a mile beyond
the " Rising Sun," by the new stables, and ascending the escarp-

ment at this point, the Pea-grit is seen in position near the wall,

containing Terebratula simplex, Pygaster semisulcatus, numerous
fragments of Pentcccrinites, and other fossils of this rock. A few
yards above, the freestone (much displaced) crops out southward

;

and still higher up the hill we enter the quarry called by the

workmen the " Rolling-bank.'' In the 44th sheet of the Geological

Survey Maps, this escarpment is marked " Tumbled Oolite and
Under-cliffs,"—names which signify the disturbed condition of some
of the beds, produced probably by a slip of the Oolitic strata over the

unctuous clay of the Upper Lias.

* Quart. Journ. Geol. Soc. vol. vi. p. 250 (1850).
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The lower Trigonia-grit, which is seen in position on the plateau

above, has rolled over and formed the glacis of the hill; it has

thereby covered the beds of the A. Humphriesianus zone, which
here immediately underlie this grit. Recent workings having
more fully exposed the .1. Ilnmjihriesianus bed than formerly,! havo
collected therofrom a series of about forty species of fossils charac-

teristic of the zone, and have likewise ascertained the stratigra-

phical sequence of the beds composing this middle subdivision in the

Northern Cotteswolds.

The llolling-bank Quarry is capped by about 18 inches of tho

lower Trigonia-grit, consisting of loose, incoherent fragments of a

light-coloured oolitic Limestone, beneath which are exposed the

uppermost beds of

The Ammonites Humphriesianus Zone.

No. 1. The Terebratula Philtipsii Bed is a light buff-coloured

compact earthy limestone ; many of the blocks are almost entirely

composed of the shells of Brachiopoda, of which that of Terebratula

PMllipsii greatly predominates. The bed measures from 2 to 4 feet

in thickness, and contains

Lima proboscidea, Sow.

Terebratula Pliillipsii, Mor.
perovalis, Sow.

carinata, Lamk.

Terebratula Buckmani, Davids.

Rhynchonella spinosa, Schloth.

subtetrahedra, Davids.

angulata, Sow.

No. 2. The Road-Stone consists of a coarse, brown, ferruginous,

oolitic limestone, extremely hard and crystalline, traversed in some
parts by sandy layers, and containing in others calcareo-siliceous

concretions, which have a crystalline structure and unequal fracture.

It forms a durable road-material, and is raised for that purpose.

It varies from 10 to 15 feet in thickness, and contains a small

assemblage of Mullusca, which are nearly all in the state of moulds.

The upper portion of the road-stone contains a sandy stratum, in

which a remarkable Gasteropod, nearly identical with Melanin
(Chemaitzia) striata, Sow., from the Coralline Oolite, occurs in con-

siderable numbers. This shell has been separated from the Coral

Hag species by Dr. Oppel, and named Chemnitzia IStemanni. This is

the only l>«'d and locality from which 1 know it in the Cotteswolds;

it is found, however, in the grey limestone at Scarborough, the

correlative of this zone. The lower portion of the Road-stone contains

most of the species of the subjoined list. Trichitts init/tdatus, Lye,
is found very large, and sometimes well preserved in tho rock, but

cannot be extracted entire, l'holadomya ILraulti, Ag., likewise

attains gigantic dimensions.

Ammonites Orhignianus, Wr. (Bron-

gninrti, d' Orb.)

Humphriesianus, &nv.

Broeclii, <S"t/>.

Braikenridgii, S"u:

I'hemnitzin Sirnianni, Oj'j»!

linoata, Sow. Honuu> tubcrculosus, QoU(f,

c 2

Pleurotomnria fasoiata, Sow.

elongata, Strw.

coii-lriiia. l>(J<ng.

Turin) hrvuriitus, S-*t/;

Ontrvn fluU'lluiiU'*, I.-imk.

-, Inr^e lint speeies.
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Lima proboscidea, Sow.

Etheridgii, Wr.
duplicata, Sow.

Trichites undulatus, Lyc.

Astarte excavata, Sow,

Cyprina (a mould).

Cypricardia cordiformis, Desk,

Myacites calceiformis, Sow.

Gervillia consobrina, oV Orb.

Mytilus explanatus, Mor.

Pboladomya Heraulti, Ag.
Homomya crassiuscula, Lyc.

Myoconcba crassa, Sow.
Pteroperna plana, Lyc.

Trigonia eostata, Sow.

striata, Sow.
decorata, Ag.

Modiola imbricata, Sow.
Pinna fissa, Phil.

Ehynchonella subtetrahedra, Davids.

~No. 3. The Oyster-bed consists of a coarse, brown, ferruginous,,

sandy marl, with inconstant layers of ragstone. The fossils lie

chiefly in the sand. The bed is about one yard in thickness, and
contains

—

Ostrea fiabelloides, Lamh. (and three

other varieties of this Oyster).

Ostrea pyxiformis, Wr., sp. noT.

Pecten demissus, Golclf.

Lima proboscidea, Sow.
Etheridgii, Wr.

Monotis tenuicostata, Wr., sp. n.

Grresslya abducta, Phil.

Pleuromya tenuistriata, Ag.

Pholadomya Heraulti, Ag.
ovulum, Ag.
media, Ag.
Levalquei, Lyc.

Serpula grandis, Goldf.

limax, Goldf.

Clypeus Michelini, Wr.
Stomechinus germinans, Phil.

Pseudodiadema depressum, Ag.

No. 4. The Marl-bed.— Beneath a thin band of clay which
underlies the oyster-bed, and forms the floor of the quarry, a bed
of soft mudstone is exposed at one or two points. It contains many
fossils, with their shells ; but the tests were in such a rotten state,

that few species could be determined. Prom the position of the

bed and its organic contents, it appears to be the upper portion of

the oolite-marl, as this rock is in position and well developed within

200 yards of the " rolling-bank." I noted the following species in

the portions which I examined :

—

Chemnitzia, sp.

Nerinaea, sp.

Modiola plicata, Sow.

Pecten lens, Sow.

Cypricardia cordiformis, Desh.

Terebratula Etheridgii, Davids.

Montlivaltia, sp.

B. Dundry Hill.—Dundry Hill has been long known to collectors

as a rich locality for fossils ; but the true relations of its beds of Infe-

rior Oolite with those of other regions have not until now been

accurately described. Having studied the interesting sections of

this locality in former years, in conjunction with my friend Mr.
Etheridge, and knowing how carefully he had examined the several

beds at Dundry for the purpose of determining the true horizon of

the different species of fossils from this locality, which are contained

in the fine Dundry collection in the Bristol Institution, I asked my
friend to contribute to this memoir his notes and sections. And this

he has most kindly done, adding thereto a full list of the species con-

tained in the different beds. This important communication will be

found to form one of the most valuable portions of this memoir ; and

for it I beg to return my best thanks.
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Notes on Dundry Hill. By R. Etiieridge, Esq., F.G.S.

Dundry Hill, which rises to an elevation of 700 feet above the

level of the sea, is the most extreme westerly outlier of the Oolitic

hills, and is removed nine miles from that range. The smaller

outlying hills of Wilmington, Stantonbury, and Winsbury, to the

east, naturally connect Dundry with the main body of the Oolitic

Range, well exemplified at English Coomb, English Batch, and Cam-
merton ; also with the same extensive scries at Doulting, Batcombe,

Burton, and Castle Carey, south of the Mendips, where the beds

much resemble those of Dundry ; and throughout the Yeovil district

generally these strata, both lithologically and palseontologically, are

still more like those of Dundry.

Fig. 3.

—

Section across Dundry Hill, showing its Capping of Inferior

Oolite.

n. s.

t q q a q b

a. Inferior Oolite. d. New Red Sandstone.

b. Position of the Upper Lias. q, q, q. Quarries.

c. Lower Lias. s. Springs.

Fig. 4.

—

Section of Dundry Hill.

7. Building-stone or Freestone beds. 12 feet.

6. Fine-grained oolite. 4 feet.

5. Ragstone* (Shells). 8 feet.

3 & 4. Kubhly limestone* (Shells). 19 feet.

Ammonite.bed
\

I. Iron-shot Shelly bed . . I

a. Upper I.ins Sands. '.' feet

6. l.<iurr l.i .11. .Mm feet.

5 feet.

Uppfr Lias nf Dundry.—The bods forming that portion of Punrlry

Hill under consideration stand quite at the summit, constituting a

capping of oolitic limestone, and belonging to the middle and upper

subdivisions of the Inferior Oolite. They rest upon the upper beds

of the Upper Lias, which arc feebly represented here, their only
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evidence being the few fossils enumerated below, which are widely

scattered through the beds.

communis, Sow.

These are, as far as I know, all the species here found in the

Upper Lias below the sands. They are likewise much dwarfed.

Lower Lias of Dundry.—Few districts exhibit a finer sequence of

the Lower Lias shales and limestones than the immediate neighbour-

hood of Bristol ; it is my intention, however, only to mention these

beds at Dundry Hill in their relation to those of the Inferior Oolite

which overlie or cap them.

The lowest members of the Lias in the Dundry district are well

exhibited at Bedminster Down, Keynsham, Whitchurch, Queen
Charlton, Norton Malreward, Winford, and Barrow ; and ascending

from all these points at the foot of the hill, to the summit, we pass

over the higher beds of the Lower Lias, which consist, as usual, of

alternating limestones and shales, under various conditions. The total

thickness of the Lias, constituting the main body of the bill, from its

junction with the Red Marl at Bedminster Down to its junction with

the overlying Inferior Oolite at the summit of the bill, is about 550
feet ; but in this fine developement there are no traces whatever of
the Middle Lias or Marlstone as exhibited in the Bath district and

in the Cotteswold Range generally. We can only infer that some
portion of the true Upper Lias has been deposited here,—the only

evidence being the few characteristic fossils before mentioned.

Upper Lias Sands of Dundry.—All the evidence afforded of this

series is a bed, 2 or 3 feet in thickness, immediately below the true

Oolites. In these sands, at the western end of the hill, we find

dwarfed specimens of

Modiola plicata, Sow. Lima bellula ?, Lye var.

Pholadomya fidicula, Sow. Belemnites irregularis, Schloth.

arenacea, Lyc. compressus, Voltz.

I am not aware that these sands are thicker in any other part

of the hill
;
they pass downwards into the shales and clays of the

Lias beneath.

Inferior Oolite of Dundry.—No. 1. Mollusca-bed, or Shelly bed.

Immediately upon the zone of the semi-indurated sands, with its

few fossils, rests the lowest member here of the Inferior Oolite

(marked No. 1 in the section fig. 4). This mollusca-bed, between
2 and 3 feet in thickness, is extremely rich in the type-forms of life

of the period, and is composed of coarse, brown, ferruginous or iron-

shot oolitic grains. This stratum passes insensibly (lithologically)

into a higher zone or bed (No. 2), which contains the well-known
Cephalopoda of Dundry Hill. These two beds are so intimately con-

nected, that it is difficult to draw any line of demarcation between
them,—the main feature observable being the large preponderance

of Gasteropoda and Oonchifera, which occupy the lower portion resting

upon the sands, whereas the upper or Cephalopod division (No. 2)
is entirely or mainly composed of Ammonites and Nautili.

Belemnites tripartitus, Schloth.

Ammonites bifrons, Brug.
Pholadomya, sp.

Modiola, sp.
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I have determined the following fossils from this mollusca-bed

(lower shelly bed), specimens of most of which are in my own
cabinet, and in the fine collection in the Museum of the Bristol Phi-
losophical Institution, and likewise in that of Dr. Wright.

Fossils of No. 1. I
Cirrus Leachii. Sow.

nodosus, Sow.

Littorina ornata, Sow.

, sp. nov.

Nerinrea Anglica, d? Orb.

Pleurotomaria armata, Sow.

abbreviata, Sow.

elongata, Sow.

fasciata, Sow.

ornata. Sow.

punctata, Sow.

sulcata, Sow.

Trochus, sp.

Monodonta lajvigata, Sow.

Alaria Phillipsi, Lyc.

Chemnitzia lincata, Sow.

Pectcn lens, Sow.

barbatus, Sow.

Area elongata, Pratt.

Macrodon Hirsonensis, d'Archiac.

Cuculkea oblonga, Sow.

cucullata, Goldf.

Astarte elegan9, Sow.

ron-shot Shelly Bed.

Astarte obliqua, Desk.

subtrigona, Miinst.

orbicularis, Sow.

excavata, Sow.

Homomya crassiuscula, Lyc.

Ostrea flabelloides, Lamk.
Mytilus, sp.

Pleuromya donacina, Ag.
tenuistriata, Ag.
elongata, Ag.

Myopsis Jurassi, Brong. sp.

Opis trigonalis, Sow.

lunulatus, Sow.
Pholadomya fidicula, Sow.

ovulum, Ag.

Heraulti, Ag.
Tancredia donaciformis, Lyc.

Lucina, sp.

Unicardium gibbosum, Lyc.

Sphaera Madridii, d Arch.

Modiola Sowerbyii, d' Orb. (plicata,

Sow.).

Hinnites tuberculosus, Goldf.

Ammonite-bed (No. 2).—The chief feature observable in this re-

markable stratum is the persistency of certain species of Ammonites,

most of which do not pass upwards into the higher strata. Litho-

logically, this and the underlying shelly bed closely resemble each

other. This bed measures about 3 feet ; but it is irregular, varying

from 2 to 3 feet in thickness. The following list has been obtained

from this Ammonite-zone :

—

Fossils of No. 2.

Ammonites Blagdeni, Sow.

Braikcnridgii, Sow.

Brocchii, Sow.
dimorphus, <f Orb.

Humphriesianus, Sow.

kcviusculus, Sow.

Sowerbyi, Mill.

Dundriensis, Wornlcy.

Brongniarti, Sow. (non d'Orb.).

Orbignianus, Wr. (Bronguiarti,

d1

Orb.).

Eudesianus, d' Orb.

concavus, Sow.
Nautilus ixravatus. Sow.

lineatus, Sow.

Boluinuites canalieulahi9, Scblnth.

Ammonite-bed.

Belemnites clliptieus, Mill.

sulcatus, Mill.

Monodonta laevigata, Sow.

Littorina ornata, Sou'.

Nerina?a Anglica, d'Orb.

Turbo Milleri, Wr., n. sp. -
Pleurotomaria elongata, Sow.

punctata, Sow.
Lima peotiniformis, Schlo/h.

Pecten lens, Sow.

Modiola Sowerbyii, d'Orb. (plicnifl,

Sow.).

Ana cancellata, Phil.

Opis trigonalis, &>w.

similis, Dc&h.

Terebratula Ktlieridgii, D>vid*.

Conch if ra -bed <; (Nos. 3 and 4).—Succeeding these ferruginous or

iron-shut beds, we have a sueees-sion of irregidar semi-oolitic deposits.
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or a stratified rubbly limestone-rock, conspicuous for the number of

species of Conchifera therein contained (chiefly C. Dimyaria). It

measures about 8 feet in thickness, and passes upwards into a hard,

smooth, fine-grained limestone, 4 or 5 feet thick (No. 4), containing

numerous Brachiopoda. The following species I have obtained and
determined from this shelly series. They are catalogued together

;

but the majority are obtained from the lower bed (the rubbly and
more oolitic portion of the two ; No. 3).

Fossils of Nos. 3 and
Ammonites Sowerbii, Mill.

Humphriesianus, Sow.

, sp. nov.

Truellei (var. compressus), d' Orb.

lasviusculus, Soiv.

, sp. nov.

Nautilus excavatus, Sow.

Belemnites sulcatus, Mill.

Pleurotomaria elongata, Slow.

punctata, Sow.

Littorina (moulds).

Natica (moulds).

Myopsis Jurassi, Brong.

Pleuromya donacina, Ag.
Pholadomya fidicula, Sow.

obtusa, Sow.

media, Ag.
Heraulti, Ag.

Lima duplicata, Sow.

Etheridgii, Wright, sp. nov. -
gibbosa, Sow.

punctata, Phil. ?

pectiniformis, Sehloth.

Modiola gibbosa, Sow.

plicata, Sow.

Astarte excavata, Sow.

elegans, Sow.

obfiqua, oV Orb.

The Ragstones of Dundry, forming the Zone of Ammonites Parkin -

soni.

—

Ragstone-beds {No. 5).—The smooth hard limestones just

mentioned are succeeded by loose and semi-oolitic beds, about 8 feet

in thickness. These are, or were, exposed in quarries both on the

north and south sides of the hill,—one to the west of the church,

but at a lower level ; the other on the south side, and on the road to

Chew Magna. The fossils are cemented together by a marly paste,

which decomposes under change of atmosphere.

The organic remains in these beds somewhat agree with those of

No. 3 ; but they are not so numerous either in species or individuals,

and are nearly all in the form of casts. Several undescribed Am-
monites occur in these beds*. The following is the list of species

which I have obtained from this series ; but I believe that it is far

from complete.

* Many of these were named in MS. notes by Mr. S. Worsley some years ago,

when the beds were extensively worked for lime and for road-purposes. These

fossils are still in the Museum of the Bristol Institution, with Mr. W.'s names
attached.

4. Conchifera-beds.

Ceromya Bajociana, d' Orb.

concentrica, Sow.

Myoconcha crassa, Sow.

Trigonia striata, Sow.

costata, Sow.

Pecten lens, Sow.

barbatus, Sow.

Ostrsea flabelloides, Larrik.

Mytilus cuneatus, Phil.

Gervillia pernoides, Deslong.

Pinna cuneata, Phil.

Area, sp.

Unicardium depressum, Phil.

Trichites nodosus, Lye.

Ehynchonella globata, Sow.

spinosa, Sehloth.

subtetrahedra, JDav.

Terebratula globata, Sow.

perovahs, Sow.

sphseroidalis, Sow.

Phillipsii, Morris.

Stomechinus germinans, Phil.

Pseudodiadema depressum, Ag.
Hemicidaris granulosa, Wright.

Hemipedina Bakeri, Wright.

Thamnasteea fungiformis, Edw. cf-

Haime.
Latomasandra Flemingii, Edw.SfHaime,
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Fossils from No. I

Ammonites Parkinsoni, Sow. (small).

Humphriesianus, Sow.

la?viusculus, Sow.

, sp. (unnamed ; in form of moulds).

Belemnites ellipticus, Mill.

Peurotomaria proteus, Deslong,

elongata, Sow.

Littorina (in moulds).

Myopsis Jurassi, Bronq.

Pleuromya elongata, lioemer.

donacina, Ag.

Pholadomya ovulum, Ag.

obtusa, Sow.

fidicula, Sow.

Heraulti, Ag.

Lima pectiniformis, Schloth.

Modiola gibbosa, Sow.

The Ragstones.

Astarte excavata, Sow.

Ceromva Bajociana, d'Orb.

Trigonia striata, Sow.

Tancredia donaciformis, Li/c.

Gervillia Hartmanni, Goldf.

Pecten lens, Sow.

Terebratula pcrovalis, Sow.
sphivroidalis, Sow.

globata, Sow.

Khynchonella plicatella. Sow.

spinosa, Schloth.

Magnolia Forbesii, Wright.

Stomeeliinus intermedius, Ag.

Echinobrissus clunicularis, Lhwyd.
Holectypus depressus, Lamk.
Isastrsea helianthella, M'Coy.
Stylina solida, M'Coy.

Fine-grained Oolite or Building-stone (No. 6).—This undoubtedly

overlies the Ragstones, and can only be seen on Dundry Down, in

the old open and under-ground quarries, where it has been ex-

tensively worked for church-biiilding and other purposes.

This fine-grained oolite much resembles the Portland-stone.

Few or no organic remains occur in this bed, which measures from

4 to 5 feet in thickness.

Coarse Oolite. Building-stone or Freestone Beds (No. 7).—This is

the highest set of beds observable on Dundry Hill ; and although

they are not rich in fossils, still there are certain conditions of the

beds and forms of fossils deserving special notice. Most, if not all,

of the building-stone of Dundry comes from quarries opened in this

" top rock" (so called by the men). Numerous casts of Trigonia',

and several species of Corals, are common to this and the upper part

of the beds li and 4 ; whilst other fossils arc rare. The mass of the

rock is composed of finely triturated shell-sand, or debris of shells

closely and densely arranged, which, on weathering, stand out in

sharp relief.

False-bedding constantly occurs throughout this scries. The

organic contents of this building-stone, as far as I have been able to

determine, are as follows :

—

Fossils of No. 7. Building-stone or Freestone.

Trigonia eostata, Sow. 1 Only sparingly
;

Thaiunastnra Pefranciana, Edw. <f

striata, Sow. | distributed. Haime.

Isastr.Ta explanata, Goldf. LatonwandraFlemingii, Edw. tf HaklU.

lieliantliella. M'C<>>/. Isastnia tcnuistriata, M C»y.

Stylina solida, M'Coy. I'entacrinus Milleri, Austin.

C. Section from tin Cornhrash to the Mill, pore-hid , in (1'risthnrpe

Bail, Yorkshire*.—No. 1, the Combrash, rises on the scar at New-
biggin Wyke, at the south side of Gristhorpo Bay, near tho place

* The reader may consult with much profit Professor Williamson's excellent

nolos on this section in tho Trans. (Jcol. Soc. L'nd series, vol. vi. p. 1 W. More
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where the Kelloway Rock first appears on the shore. At Puddinghole

it is seen in the cliff, and may be traced along the coast-section as

far as Gristhorpe Sands ; from thence to Redcliff it is covered by
Drift ; at Redcliff it is thrown down by a fault, and is seen there

at low water on the shore. At the northern extremity of Cayton

Bay it rises again ; but the fault at Ewe Nab has brought it down
to the shore, where a small portion only is visible at half-ebb. At
the north side of the Castle Hill it is raised in the cliff by the dis-

location which has disturbed the beds in that locality ; and it finally

sinks and disappears near Peasholm Beck. The Cornbrash is se-

parated from the Kelloway Rock by a bed of dark-bluish clay (a),

more or less laminated, which varies from four inches to six feet in

thickness ; this is the so-called " Clays of the Cornbrash."

The clay (a) contains several species of shells which are rarely met
with in the bed below, such as Sanguinolaria parvula, Bean, Car-

dium latum, Bean, Opis triangularis, Bean, Belemnites tornatilis,

Phil. The claws and carapace of two Crustacea (Gtyphcea rostrata

and GlypJicea Birclii) occur in round argillaceous nodules in the clay

at Cayton Bay, where my friend Dr. Murray collected likewise a

beautiful specimen of Hemipedina Woodwardi, "Wr., which he kindly

gave me to figure.

Beneath the clay is the Cornbrash, which consists of a hard iron-shot

oolite (b), of a bluish-grey colour, and often stained with the peroxide

of iron. It occurs in masses of an irregular shape, which contain a

great many fossils, laid in all directions and firmly cemented together.

The shells are so numerous in some of the fossiliferous blocks, that

it is impossible to extract one specimen entire without sacrificing

many others. It is from this bed, which is only about two feet in

thickness, that most of the specimens of the subjoined list were
obtained. Beneath the hard bed is (c) a softer rock, which is only

partially iron-shot, and not so fossiliferous ; it is from 18 inches

to 2 feet in thickness, and passes into (d) a more fissile oolite, easily

decomposed when exposed to the atmosphere. The last rests on

the upper sandstone and shales of the Inferior Oolite.

Although the Cornbrash of Scarborough is only a thin and unim-
portant rock, of about five feet in thickness, it has yielded to the

working geologists of that locality about 130 species of beautiful

fossils, the majority of which were collected at the north side of the

Castle BUI. The rock has here been worked out, and will shortly

be covered up by the innovations now in progress.

ample details will be found in Prof. John Phillips's comparative sections in

the Oolitic and Ironstone series of Yorkshire, Quart. Journ. Geol. Soc. vol. xiv.

pp. 88, 89.

My object in the following descriptions is to show the relation of the Grey
Limestone to the Cornbrash and Upper Sandstones above, and to the Millepore-

bed below, and, from the fauna of the Grey Limestone, to demonstrate that

it is the representative of the Middle and Upper divisions of the Inferior Oolite

of the south of England, and not, as maintained by my friend Prof. Phillips,

the correlative of the Great or Bath Oolite.
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Fossils from the Cornhrash of the Yorkshire Coast, contained in

Mr. John LecJcenby's Cabinet *.

Belemnitcs tornatilis, Phil.

Nautilus hexagonus, Sow.

Ammonites Herveyi, Sow. (A. tercbratus,

Phil. ; A. macrocepkalus, Schloth.).

Turbo funiculatus, Phil.

elaboratus, Lye. 4' Mor.
Trochus monilitectus, Phil.

Purpurina ornata, Sow. sp.

Littorina punctura, Bran, sp.

Nerina?a cingenda, Phil, not Sow.

Cerithium gemmatum, Lye. Sf Mor.
Nerita hvvigata, Phil, not Sow.

granidata, Phil, not Sow.
Pleurotomaria granulata, Sow.

Chemnitzia vittata, Phil., sp.

Alaria bispinosa, Phil. sp.

Bulla undulata, Bean.

Acteonina, sp. n. (tumid undescribed

shell).

Ostrea Marshii, Sow.

spatiosa, Bean, MS.
Meadii, Sow.

solitaria. Sow.
Gryphsea bullata, Phil.

Exogyra mima, Phil.

Pecten lens, Sow.

demissus, Phil.

arenatus, Sow.

cancellatus, Phil.

fibrosus, Sow.

vagans, Sow.

inaequicostatus, Phil.

Hinnites gradatus, Bean, MS.
Lima rudis, Phil.

gibbosa, Sow. (var. with inter-

mediate costac).

rigidula, Phil. sp.

duplicata. Sow.

Plaeunopsis, sp. n. (on Goniomya lifr-

rata). Ostrea granulata of Mr.
Bean's list.

Gervillia avieuloides, ? Sow.

Tricliites {Inoceramus of Mr. Beau's

list).

Monotis Braamburiensis, Phil. sp.

Perna rugosa. Gold/.

Pinna cuneata, Phil.

Mytilus sublajvis, Sow.

Modiola cuneata, Sow

.

imbricata, Sow.
bipartita, Sow.

Modiolarca (sp. nov.).

Leda lachryma, Sow. sp.

variabilis, Sow. sp.

Cuculhea cancellata, Phil.

clatlirata, Led.
proxima, Bean.
abrupta, Bean.

Trigonia costata, v. pullus, Sow.
elongata, Sow.
signata, Ag.

clavellata, Sow. ?

Cardium lobatum. Phil.

cognatum, Phil.

latum, Bean. (In clay.)

citrinoideum, Phil.

globosum, Bean.
Lucina crassa, Sow.

despecta, Phil.

Corbis oralis, Phil.

lucida, Bean.
Opis Scarburgensis, Leek., sp. n. (a large

handsome shell).

sp. n. (allied to 0. similis, Sow.).

Astarte clegans, Phil, not Sow.

extensa, Phil.

politula. Bean.
(a species referred by Mr. Bean to

A. Inrida, Sow.)

Leckenbyi, Wr., sp. n. (allied to

A. ejecavata).

sp. n. (A small, thick, sulcate

shell, resembling a species in the

Kelloway Kock of Wiltslufe.)

Unieardium deprcssum, Phil.

Tsocardia tumida, Phil.

minima, Sow.

nitida, Sow.

triangularis, Bran.

Tcllina proletaria. Bran.

Qucnstcdtia la-vi^ata, Phil.

Sowerbya triangularis, Phil. sp.

Pholadomya Murchisoni, Phi/., f Sow

.

oralis. Sow.

acuticostata. Sow.

* Most of the fossils in the above catalogue are enumerated in the list made
by Mr. Bean in 1H.'{8, and published in the Annals and Magazine of Natural

History,' new N-ries, vol. iii. p..'>7. Where alterations have been made, they have
been done at the snidest ion of my kind friend Mr. Ixvkcnby (with whom I have
studied all the species), after a entieal examination of most of ll -urinal

types. Several additions have Uvn made to the list of Mt>//t/* <i by Mr. I kenbv.
,

from specimens contained in hit maimifieent collection. I have ix-en able lo a. Id

two F* hi>i<«liTinat<i Hi ni'])i, /ni, i H'ix„/tr<irt/ii. W'r.. kindly presents! by my
worthy friend Dr. .Murray of Scarborough, and Pxudodiadcma jxrntagonum.

M'Coy, collected by Mr. Ijeckenby.
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Pholadomya simplex, Phil.
-

—

— nana, Phil.

Homomya crassiuscula, Lyc $ Mor.
Pleuromya? recurva, Phil. sp.

Groniornya V-scripta, Sow. sp.

Myacites calceiformis, Phil.

modica, Bean, MS.
decurtatus, Phil. sp.

securiformis, Phil. sp.

Gresslya peregrina, Phil. sp.

Anatina undulata, Sow.

plicatella, ? Lyc. 8f Mor.
parvula, Bean.

Gastrochama tortuosa, Sow.

Pholas costellata, Sow.

Btaynchonella varians, ? Schloth.

Terebratula obovata, Sow.

lagenalis, Schloth.

intermedia, Sow.

Serpula intestinalis, Phil.

Serpula squamosa, Phil.

clava, Bean.

Glypksea rostrata ?, Phil.

Birdii*, Bean.

Pseudodiadema pentagonum, M' Coy.

vagans, Phil.

Hemipedina Woodwardii, Wright.

Echinobrissus clunicularis, Lhwyd.
orbicularis, Phil.

Holectypus depressus, Lamk.

Astrcea? Dunnii, Bean.

CaryophyUia, sp.

Tubipora? acervalis, Bean.

incrustans, Bean.
Spiropora straminea, Phil.

Cellaria Smitbii, Phil.

Flustra, sp.

Spongia floriceps, Phil.

papillosa, Bean.

No. 2, the first bed beneath the Cornbrash, is a grey laminated sand-

stone with carbonaceous markings and ferruginous stains. It ex-

hibits much cross-bedding, is intersected by iron-stone bands, and

forms a bluff in the bay. This bed is nearly horizontal for a con-

siderable distance, and is covered with debris from the cliff. It mea-
sures from 30 to 40 feet, and is apparently non-fossiliferous.

No. 3. A grey siliceous rock which forms the base of bed No. 2 ; it

weathers into irregular nodules, and forms a prominent band in the

cliff. It measures 4 feet, and is apparently non-fossiliferous.

No. 4. Grey clays, which are indurated, and break up into cuboidal

fragments. 6 feet.

No. 5. A grey, laminated, ferruginous sand-rock, which readily

disintegrates when exposed to the atmosphere. It presents numerous
ochraceous and brownish stains. No fossils. 8 feet.

No. 6. A brown ferruginous sand-rock, very irregularly bedded,

and richly charged with the peroxide of iron : in some parts it is

pisolitic. This bed forms a good hmit-line in the section, from its

hard ferruginous character. It measures only about 2 feet.

No. 7. A whitish sandstone, with an irregular waving lamination.

It contains numerous carbonaceous laminae in its upper portion, with

the remains of the stems of plants, some of considerable length. It

becomeswaved and shaly beneath, and exhibits a very irregular section

below, where it passes into the next bed. It measures about 4 feet.

No. 8. A yellowish-grey, regular-bedded sandstone, which pro-

j ects on the strand to high-water mark. This rock exhibits numerous
carbonaceous seams, in a fine grey shale, with fragments of stems

in its lower layers. 9 feet.

No. 9. Grey sandy shales with interstratified layers of sandstone,

waved and irregular in the upper and under strata. 10 feet.

The beds above-described, from No. 2 to No. 9 inclusive, belong

to the upper shales and sandstones. The bed which follows is the

* These Cmstacea require re-examination.
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" grey limestone" or the so-called " Bath Oolite," which repre-

sents the Humphriesianus-zone of the Inferior Oolite.

No. 10. Grey limestone rises on the sea-shore, and may be easily

overlooked if it happens to be covered with debris, although it is

always visible in the cliff, from which fossiliferous fragments are

constantly falling on account of the weathering of the underlying

shales.

The grey limestone at Gristhorpe forms a very inconsiderable

stratum, about 3 feet in thickness ; but at the White Nab and at

Cloughton "Wyke, and in Haiburn and Stainton Dale cliffs, it attains a

considerable thickness, and admits of a general division into six beds,

which, in descending order, may be thus enumerated * :

—

a. Alternate layers of argillaceous oolite and nodular ft. in.

ironstone. About 3
b. Dark clay with Monotis and Gervillia. From 8 inches to 1

c. Nodular ironstone, many of the nodules containing

Ammonites Blagdeni, &c From 6 inches to 1

d. Hard, dark, ferruginous clay, with Saurian bones and
fossil shells 2

e. Close-grained greyish oolite, in parts iron-shot 5

/. Hard, blue, thick-bedded limestone, used for building

From 12 to 18

The inferior layer of a at Cloughton contains Perna rugosa, Goldf.,

and other shells, b is well exposed on the shore near Scarborough,
where Gervillia acuta, Phil. (6-'. consobrina, d'Orb.), forms the domi-
nant shell. Many of the large nodules of c contain Ammonites
Humphriesiantis, A. Bletgdeni, and A. Braikenridgii. Saurian bones
( Phsiosaurus and Ichthyosaurus) have been found in d, near Scar-

borough ; and the same bed at Cloughton affords many fossil

shells. Few, if any, fossils have been found in e ; and the lower
and middle portions of/ are equally unproductive ; the upper part

of f contains Belemnites giganteus, Schloth., Myacites cedctiformis,

Phil., Gresshja decurtafa, Phil., CJicmnifzia Scarburgeiisis, Lye, and
the long muricated spines of lihabducidaris maxima, Goldf. The
White Xah and Cloughton are the best localities for obtaining fossils.

Many of the beds are exposed at the south side of Scarborough Hay
at low water ; and nearly opposito the Cliff Uridine, at low tides,

an anticlinal axis is visible, extending X.I'., to S.W.. by which the
beds of grey limestone suddenly incline 4.">° to the south, and the
Kelloway Uock and Oxford Clay of the Castle Hill dip to the north.

Fossils from the (ire;/ Limestone, in Mr. Ltckniby's Cabinet, AV-

Belemnites giganteus, Schloth. Ammonites I'arkinsoni. S,.w. (Sear-

Ammonites Ilumphricsianus. S,/w. borough Museum. This specimen—— Hla^deui. .W\ was collected in the upper !>eds of
Braikenridgii, 8ow. the grey limestone at White Nub.)

* Professor Williamson has given a most accurate description of the " Orev
Limestone," with like subdivisions, in his valuable paper "On thedistrilnition of
Fossil Kcinains on the Yorkshire Coast," Trans. Gcol. Sue 'Jiid series, vol v

p. 223.
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Turbo elaborates, Lyc. Sf Mor.
Phillipsii, Lyc. Sf Mor.

Trochus monilitectus, Phil.

Leckenbii, Lyc. Sf Mor.
Phasianella striata, Sow.

Eulima laevigata, Lyc. Sf Mor.
Cerithiuru Beanii, Lyc. Sf Mor.

gemniatum, Lyc. Sf Mor.
Cliemnitzia Scarburgensis, Lyc. Sf Mor.

vetusta, Phil.

Natica adducta, Phil.

cincta, Lyc. 8f Mor.
Alaria Phillipsii, Lyc. Sf Mor.
Actseonina glabra, Phil.

Ostrea flabelloides, Lamk.
, a large flat species.

Lima, sp. n. A very fine-ribbed sbell.

Placunopsis inaequalis, Phil. sp.

Pecten Saturnus, d' Orb.

demissus, Phil.

Lima duplicata, Sow.

Avicula Muensteri ? Lyc. Sf Mor.

ornata, Gtoldf.

Monotis Braamburensis, Phil. sp.

G-ervillia acuta, Sow.

Pteroperna plana, Lyc.

Perna rugosa, Goldf.—— mytiloides, Goldf.

Pinna cuneata, Phil.

cancellata, Lyc. Sf Mor. (Junior

of P. cuneata).

Modiola ungulata, Young Sf Bird.

imbricata, Sow.

cuneata, Sow. (Dwarfed var.)

Mytilus pulcherrimus, Boemer.

No. 11. Forms the uppermost bed of the Lower sandstones and

shales, assuming that the Grey limestone is to be regarded as the

frontier-bed between these two great arenaceous lacustrine deposits

of the Inferior Oobite of Yorkshire.

The rock beneath the grey limestone is a greenish laminated

sandstone, divided by joints, and beautifully intersected by thin car-

bonaceous seams, with the stems and leaves of plants, and much
dark carbonaceous matter in the lower layers of the bed. 6 feet

6 inches. It rests on

—

No. 12. A dark carbonaceous shale. 1 foot.

No. 13. A dark grey clay. 4 feet.

No. 14. A greyish sandstone above, with greenish clays below,

full of dark carbonaceous matter. 2 feet.

No. 15. Green and grey sandy clays, full of the fragments of

plants, with portions of the stems of Cycadece. In this bed, my friend

John Leckenby, Esq., collected several specimens of Unio clistortus.

I saw impressions of shells, but found none. It measures 3 feet.

No. 16. Black shaly bed, full of carbonaceous matter, with seams

of imperfect coal and vegetable remains. 1 foot.

No. 17. Finely laminated grey shales and sandstones, with car-

bonaceous laminae. 1 foot 6 inches.

Cucullaea cancellata, Phil.

reticulata, Phil.

Trigonia costata (var. pulla), Sow.

signata, Ag. {T. decorata, Lyc.)

Cyprina, sp. n.

Cardium ? semiglabrum, Phil.

Lucina despecta, Phil.

Astarte minima, Phil.

elegans, Phil., not Sow.

Isocardia nitida, Phil.

cordata, Buckm.
TJnicardium depressum, Phil. sp.

Quenstedtia laevigata, Phil. sp.

Myacites calceiformis, Phil.

Beanii, Lyc. Sf Mor.
Goldfussii, Lyc.

Goniomya V-scripta ? Sow.

Grresslya peregrina, Phil.

Pholadomya Heraulti, Ag.

Homomya crassiuscula, Lyc. Sf Mor.
Thracia, sp. n.

Pholas pulchralis, Lyc. Sf Mor.
Mya ? aequata, Phil.

Vermicularia nodus, Phil.

Serpula plicatilis, Goldf.

sulcata, Sow.

intestinalis, Phil.

Ptbabdocidaris maxima ?, Munst.
Pseudodiadema depressum, Ag.

vagans, Phil.

Astropecten Leckenbyi, Wr., sp. n.

Scarburgensis, Wr., sp. n.

Ophiura Murravii, Forbes.
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No. 18. Dark, laminated, carbonaceous, shaly bed, with stems in

a dark laminated shale and sand, passing downwards into dark clays

with the shells and impressions of Unios. It is about 4 feet thick.

No. 18 a. A dark shale with ironstone. 2 feet.

No. 18 6. Grey laminated sandstone. 1 foot.

No. 19. The Gristhorpe plant-bed, rises opposite the pillar; it con-

sists of dark grey shale, containing within its lamina) a great number
of magnificent fossil plants in a fine state of preservation, in a thick-

ness of 2 feet.

The same bed is seen in situ at Red Cliff, where it gradually

declines to the shore. The shale is underlain by a seam of imperfect

coal from 6 to 8 inches in thickness.

This bed may be said to be the chief herbarium for most of the

species of fossil plants from the lower sandstones and shales of the

coast of Yorkshire, which are figured in the works of Prof. Phillips

and in the ' Fossil Flora ' of Lindley and Hutton.

No. 20. Fine laminated sandstone, exhibiting wavy layers when
Lded ; it forms a ledge which runs out to sea, and constitutes the

basal rock of the pillar on the island. It presents a low escarp-

ment to the north. The strata are separated by soft sandy marly
partings, which cause divisions in the bed in consequence of the

wearing away of the softer lamina). I found no fossils. 12 feet.

No. 21. A marine bed, formed of a brown, nodulated, ferruginous

sand-rock with ironstone-nodules, which project from the weathered
surface of the bed. It contains a few marine shells, as Phohulomya
ticemanni, Lye, Cardium Icevigaium, Lye, Trigonia costata, Sow. 5 ft.

No. 22. A white and grey laminated sandstone with shelly partings.

4 feet.

No. 23. Ironstone-rock, full of iron-nodules, with partings of clay,

containing marine shells. Lima inhrstinctd, Phil., and Serpula ia-

tatinaUi, Phil., were collected from it. 2 feet.

No. 24. Lacustrine bed : greyish laminated shale, with tho re-

mains of plants, interstratified with bands of sandstone. Few speci-

mens are obtained from this bed. 4 feet.

No. 25. A dark-grey clay, exposed at low water, and containing

the remains of plants in its upper portion, and comparatively un-
fossilifcrous in its lower division. This bed is well seen in the

mast-section at Haibum and Stainton Dale cliff's, where it becomes
more sandy, and passes into the block-sandstone which rests upon
the Millcpore-hed. Mr. Lockcnhy collected Cgpriti'! conantriai, Mean,

from the clavs of this bed at ( risthorpe, where it is about 10 feet

thick.

No. 20. The marine bed. The Millepore-bed rises in the form

of a reef beyond the grey ( lavs of the preceding bed, exhibiting

another change from lacustrine to marine conditions. It is an
obliquely laminated partly oolitic rock, containing oxide of iron in

the partings, and is full of the fragments of Cri»<>idt<i, I'ohjzoa,

Serpuhr, and the plates and spines of Kchiwxh muttn. This rock

is likewise exposed at Red Rock. Kwe Nab, Cloughton Wyke,
Ilaiburn Wyke, and Stainton Dale ('litis, and the Teak. It forms
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one of the most persistent fossiliferous bands in the coast-section,

and may be traced continuously from Cloughton Wyke to Peak Point,

as we sail along the shore. It forms an anticlinal at the south side

of Cayton Bay and at Bed Bock Point. At Cloughton Wyke it is

well exposed, where it measures about 10 feet. The lower portion

is shelly and ferruginous, and emits a sulphurous odour ; and from
this part of the rock Mr. Leckenby has collected the following species

of Mollusca.

Fossils from, the Millepore-bed in Mr. LecJcenby's Cabinet.

Natica adducta, Phil.

Nerita pseudocostata, d' Orb.

Chemnitzia vetusta, d! Orb.

Turritella quadrivittata, Phil.

Alaria Phillipsii, Lyc.
8f Mor.

Turbo elaboratus, Bean.
Actseonina glabra, Phil.

Cerithium Leckenbyi, Wr., sp. n

Pecten Saturnus, d' Orb.

demissus, Phil.

Lima duplicata, Sow.

Gervillia lata, Phil.

Hartmanni, Goldf.

Pinna cancellata, Phil.

Mytilus tumidus, Lyc. 8f Mor.

The Millepore-bed attains a considerable development at Crome-
beck and Whitwell, near Castle Howard station, on the York and
Scarborough railway, where it is a thick-bedded ooh'tic limestone,

resembling the freestones of the Inferior Oolite in Gloucestershire.

The rock has long been worked at Cromebeck for economic purposes,

and is admirably exposed in an extensive range of quarries. The
limestone of the Inferior Oolite is here overlain by a soft greyish

sandstone, about 6 feet thick, which forms the uppermost bed

;

beneath this is an extremely hard, siliceous, slaty sandstone, 18 inches

thick, which represents part of the " Block-sandstone," No. 3 of

the Peak, and caps the thick-bedded oolitic limestone, which is the

inland representative of the Millepore-rock of the coast-section.

The cream-coloured oolitic limestone dips to the north at an angle

of 2°, and is in some parts composed of large grains, in others of

small, and in others it is soft and fine-grained. In lithologieal

character, the rock and its bedding resemble the thick-bedded

freestones of the West of England. Its upper beds, from 10 to 12
feet thick, are quarried for building-stone, and burned for lime ; and
the lower portion is a grey oolitic limestone, which is largely quar-

ried for road-material. It attains a thickness of 10 feet, and rests

upon a hard dark-blue shale, No. 2 of the Boring- section. I have
prepared the following list from a series of specimens obtained from
this rock by my friend W. Peed, Esq., of York, and contained in his

collection. I found several of the species in situ during the excur-

sion which I made to the quarries in August last.

Modiola irabricata, Sow.

cuneata, Sow.

Leckenbyi, Mor.
Trigonia angulata, Sow.

Cardium striatulum, Phil.

Astarte minima, Phil.

Pullastra recondita, Phil.

Unicardium gibbosum, Lyc.

Pholadomya Heraulti, Ag.
Sseinanni, Lyc. 8f Mor.

Myacites oblonga, Wr., sp. n.

decurtata, Phil.

Ceromya Bajociana, d' Orb.

Gresslya adducta, Phil.

Pholas costellata, Lyc. 8f Mor.
Goniomya literata, Sow.
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irinnites abjeetus, Phil.

Limea duplicate, Sow.

Oatrea sulcifera, Bean, MS.
Lima proboscidea, Sow. (oblong var.).

Grrypliasa sublobate, Desk.

Pinna cuneata, Phil.

Lima bellula, Lyc. 8f Mor.
Pecten Saturnus, d" Orb.

Mytilus ungulatus, Y. $ B.

Modiola imbricata, Sow.

Ceromya Bajociana, d'Orb.

Pteroperna plana, Lyc.

Gervillia Hartmanni, Miinst.

Trigonia coatata. Sow, (small var.).

gemmate, Lyc.

angulata, Sow.
duplicate, Sow.

Cypricardia cordiformis, Desk. (Cold
Comfort, var.)

Area (moulds).

Terebratula maxillate, Sow.

Pygaster semisulcatus, Phil.

Clypeus Michelini, Wright.

Hyboclypus agariciformis, Forbes.

Stomechinus germinans, Phil.

The Lower Sandstones which crop out on the north bank of the

railway between Hutton and Castle Howard stations have recently

been worked for ironstone, and contain about 33 per cent, of iron. A
boring has been made at Mount Pleasant Hill, close to the Cromebeck
quarries, through the Inferior Oolite and underlying shales and

sandstones, down to the shales of the Upper Lias. This boring-

section affords an insight into the relative thickness of the shales

and sandstones which lie between the Millepore-bed and the Alum-
shale ; and therefore I give it in detail. The examination was made
by the engineer who had charge of the works*.

('Inferior Oolite limestone (Millepore-bed)

j
Hard blue shale

< White sand

j
Ironstone

I

v
Nodular ironstone

J
Red Sandstone

'

[ Freestone dogger

Hard black shale

Clay-ironstone (Hydraulic limestone?)

t

Dry blue shale

«( Top band of ironstone, fossiliferousj

Hard callous shales

Ironstone

Yellow dry shale 4

(
Blue dry shale

Basement- or
|
Mark dry shale

Striatulus-bed / Blue dry shale

v
liliu k hard shale

(
Alum-shale

|
Hard dry shale

/ Dry sandy shale

Millepore-bed

Dogger-beds

Blue Wick
sands.

Upper Lias

shales.

\_
Light-coloured day

ft. in.

20 8
4
9

8

4

9

2

L3

3 4

8 6

5

2 8
1 u

4 <j

4

ti

• )

6

6

6

o
Q o

3 II

2 6

1 10 2

* The station-master to Castle Howard Station kindly informed me of this

Motion, unci supplied me with n ropy thereof

I This bed is now being used in the iiiimufart nre of eement
* This is the bed that is raised for iroustone. lis fossils resemble those ob-
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D. Sections of the Inferior Oolite in Somersetshire and Dorset.—In

some parts of Somersetshire the beds tinder consideration are more
or less developed.

1. Glastonbury Tor.— A solitary outlier of the Upper Lias

Sands is seen at Glastonbury Tor. This remarkable cone is about

500 feet high (aneroidal measurement*), and presents the following-

Section :

—

feet.

Brown and yellow sands, incoherent where exposed .... 190
Light-coloured "Upper Lias ragstones, containing Ammo-

nites bifrons, A. Holandrei, A. radians, A.falcifer, A.
communis, and A. crassus 14

Marlstone-rock, with Ammonites margaritatus, about .... 15
Marlstone-sands, well exposed where cut through by the

road 30
Middle Lias (concealed) 1

ro^a
i

j 250
Lower Lias (concealed)

J
* '

^

2. Yeovil.—Around Yeovil the Upper Lias Sands are equally

well developed, and admirably exposed in numerous sections in the

roads, lanes, and railway-cuttings, where they vary in thickness

:

at the Half-way House the sands were bored, in sinking a well, to

a depth of 140 feet before reaching the Lias Clay ; near Yeovil they

are traversed by layers of large nodules at varying intervals of from

4 to 6 feet. These nodules rarely contain fossils, but are so much
indurated that they are used as building-stone in the Central Somer-

set Railway. At Down Cliff, on the coast of Dorset, similar nodules

form a micaceous sandstone, on the surface of which Ophioderma
Egertoni, Brod., only is found.

The Inferior Oolite, which near Yeovil immediately overlies the

sands, is comparatively thin, in consequence of the absence of the

thick-bedded limestones which impart such a thickness to this forma-

tion in Gloucestershire. It consists of the middle and upper divi-

sions of that formation. The bottom-bed is an extremely hard,

crystalline, greyish-coloured limestone, called the " Dew-bed,"
which is raised for road-material, and contains a few shells and
Polyzoa, some bones and fossil wood. This is overlain by a shelly,

iron-shot, oolitic limestone, extremely rich in fossil shells, and from
which nearly all the Gasteropoda and Gonchifera contained in my
list were obtained. This is succeeded by an Ammonite-bed, con-

taining many fine specimens ofAmmonites Sowerbyi, A. Braikenridgii

,

A. concavus and A. Dorsetensis. Above the Cephalopoda, come in

lighter-coloured, thin-bedded, oolitic limestones, with Ammonites
ParTcinsoni, A. Truellei and A. Martinsii, which are overlain by
bands of oolitic freestone, interstratified with light-coloured marls.

Such is the general character of the three sections which I have

examined, and of which I subjoin detailed descriptions.

tained from a similar ferruginous rock at Grlazedale. It appears to represent

that bed, both lithologically and palajontologically.

* My friend E. H. Day, Esq., of Weston-super-Mare, obtained these measure-

ments by his aneroid barometer.
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3. Henbwry Quarry , on, milt and a halffrom Yeovil.

A. Parkinsoni-zone. ft. in.

a. llubbly oolitic ragstone, much broken 3
b. Light-coloured oolitic limestone, containing Am-

monites ParMnsoni and Belemnitcs canal icubitus . . 6

c. Hard oolitic ragstone, with Belernnites and Pcctcns 1

B. Humphriesianus-zone.

d. Ammonite-bed, a hard, brown, oolitic limestone,

charged with crystallized carbonate of lime, and con-

taining many large Ammonites 5

e. The Shell-bed ; a sandy oolitic limestono composed

of soft brown marl, in which are abundantly strewed

numerous oolitic grains of the hydrate of iron, and

many fossils 4

/. The " Dew-bed," a greyish, hard, crystalline lime-

stone.

The fossils in A are not well preserved. The specimens of Am-
monites I'arkiiisoni arc chiefly moulds or impressions. Those of d are

in good preservation
;
many large slabs are raised entirely covered

with Ammonites concavus, Sow., which appears to be the dominant

shell here. Ammonites Dorsetensis, Wr., likewise occurs in this bed.

The Shell-bed (e) is likewise very rich in Gasteropoda and Conchi-

fera. I collected Pleurotomaria artiiiomjdiala, Purpwri/na omata,

Chemnitiia bicarinata, CucuZlcea oblonga, QerviMia ffartmanni, Lima
Etheridjii, Modiola reniformis, and Seqmla grandis in situ.

4. Half-way House Quarry, three miles from Yeovil.

A. Parkinsoni-zone. ft in.

a. Coarse, brown, oolitic ragstone 3
l>. Several beds of freestone, alternating with beds of

marl ; tho former used for building 1 1 1 1

1

C. Light-Coloured oolitic freestone ; building-stone . . 1 8

15. Humphricsianus-zono.

</. Ammonite-bed, a brown, iron-shot , oolitic limestone,

witli many large specimens of Ammonitis ftorsttmsis 1 (i

e. Light-coloured marl ; Ammonitis and Conc/iif'ira • . <> •"»

/. Brown, coarse, shelly, iron-shot oolite, containing a

considerable number of Conch ifera <!

g. The " Dew-bed" ; a hard, grey, crystalline lime-

stone, raised for road-mending, about '2 <»

The beds of A are not fossiliferous. Tho alternate layers of free-

stone and marl represent the 1'ppor Kagstones and Ihiilding-free-

stones ( No..") 7) of Dundrv : tin y yield, however, a very inferior .stone.

The beds of I! are very fossiliferous; •! h:t.s long yielded many large

specimens of Ammonites Dues- 1, nsis nnd Nautilus liiuatus, having

D 2
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their chambers filled with crystallized carbonate of lime. The light

marl (e) contains Ammonites Sowerbyi, Astarte modiolaris, Pecten

demissus, Trigonia eostata, and many other bivalved shells. The
shell-bed (/) contains Pleurotomaria, Geromya Bajociana, Terebra-

tula perovalis. In the " Dew-bed" (g) bones and portions of fossil

wood are found, although 1 failed to observe any shells.

5. Section in the Quarry at Bradford Abbas, Dorset.

ft. in.

A. Parkinsoni-zone.

a. Light-coloured oolitic ragstone 3 6

b. Light cream-coloured marl 5

B. Humphriesianus-zone.

c. Ammonite-bed; brown ferruginous oolite, much
iron-shot, with crystallized carbonate of lime

;

Ammonites Sowerbyi and A. concavus 1

d. The Shell-bed; a brown, iron-shot oolite, con-

taining many Gasteropoda and Conchifera 2 4
e. The " Dew-Bed" ; greyish, hard, crystalline rock,

partly shelly, with Polyzoa in nests on the sur-

face ? 1 6

The ragstone and cream-coloured marl of A are employed for

road-material, and contain impressions of Ammonites Parkinsoni

and many fragments of Belemnites canaliculatus and B. giganteus.

b contains many specimens of Astarte modiolaris and Lima semicir-

cularis. In the zone of Ammonites Humphriesianus (B), c is very

rich in Ammonites Sowerbyi and A. concavus ; and here I found the

new Ammonites Oppeli, Wr. d has yielded most of the Gasteropoda

and Conchifera contained in the annexed fist. The " Dew-bed" (e)

contains Geromya Bajociana, Cypricardia cordiformis, and a species

of Spiropora
;
portions of bone and wood have likewise occasionally

been found in it.

Fossils from the Humphriesianus Zone of Somerset, contained in my

Belemnites giganteus, Schlofh.

canaliculatus, Schloth.

Nautilus lineatus, Sow.

sinuatus, Sow.
Ammonites Sowerbyi, Mill.

leeviusculus, Sow.

Brocchi, Sow.
—— Humphriesianus, Sow.

Braikenridgii, Sow.

Blagdeni, Sow.

Dorsetensis, Sow.

discus, Quenst. (non Sow.)

concavus, Sow.

Oppeli, Wr., sp. n.

Chemnitzia lineata, Sow.

bicarinata, Wr., sp. n.

Cabinet.

Chemnitzia multistriata, Wr., sp. n.

turritelliformis, Wr., sp. n.

Straparollus spinosus, Wr., sp. n.

Turbo elaboratus, Bean.
Milleri, Wr.

Natica, sp. n.

Neritopsis Bajocensis, d1

Orb.

Trochus duplicatus, Sow.

heliacus, aV Orb.

Monodonta laevigata, Sow.

obliquimuricata, Wr., sp. n.

Cirrus nodosus, Sow.

Trochotoma calyx, Phil.

Pleurotomaria armata, Miinst.

Bessina, d' Orb.

ornata, Sow.
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Pleurotoinaria fasciata, Soto.

sulcata, Sow.

textilis, Dedong.
princeps, Deslong.

granulata. Sow.

autinomphala, d' Orb.

paucistriata, d" Orb.

eonoidea, Desk.

gyrocycla, var. saccata, Deslong.

physospira. Deslong.

Act:ea, d' Orb.

punctata, Sow.
elongata, Sow.

Alaria PIrillipsii, cF Orb.

Purpurina ornata, Sow.
Belia, $ Orb.

Bellona, d' Orb.

Ceritbium quadnnodosum, Wr., sp. n.

spinieostatum, Wr., sp. n.

binodoso -lineatum. Wr., sp. n.

Emarginula granulata, Wr., sp. n.

Delpliinula.

Ostrea.

Ilinnites abjectus, Phil.

Pecten barbatus, Sow.

Dewalquei, Oppel.

Pteroperna plana. Lye.

Perna rugosa, Miinst.

Gervillia llartmanni, Gold)'.

Lima Etheridgii, Wr., sp. u.

Sandersi. Wr., sp. n.

proboscidca, 8ow.

Myoconcha cra»sa, Sow.

striatula, Goldf.

Pinnu cuneata, Phil.

Mytilus acutangulus, Wr., sp. a.

Cucullica oblonga, Sow.

cancellata, Phil.

Macrodon Hirsonensis, cTArck.

Isoarca tenuicosta, Wr., sp. n.

Cardium lajvigatum, Lyc.

Unicardium depression, Phil.

uncertain, Phil.

gibbosum, Lyc.

Trigonia costata, Sow.

striata, Sow.

cancellata, Wr., sp. n.

Cypricardia acutangula, d' Orb.

elongata, Wr., sp. n.

Astarte excavata, Sow.

rhomboidalis, Phil.

modiolaris, Lamk.
elegans, Sow.

detrita, Goldf.

obliqua, Lamk.
trigonalis, Sow.

recondita, Phil.

Opis siniilis, Sow.

Ceromya Bajociana, tP Orb.

Pleuromya Jnrassi, Quenst.

Pholadomya Hcraulti, Ag.

Terebratula Pliillipsii, Mor.
perovalis, Sow.

emarginata. Sow.

Rhynchonella spinosa, Schloth.

subtetrahedra, Dav.

Montlivaltia Delabeebii, Edw. <$ Hainte.

trochoides, Edw. if Hainte.

Thamnastra?a Defranciana, Michelin.

3. The Zonk of Ammonites Parkinsoni.

8ijwmyms.—" Trigonia -grit and Gryphite-grit," Murchison, Geol.

of Chert., 1845, 2nd ed. ; H. E. Strickland. Quart. Journ. Geol. Soc.

Ife50, vol. vi. " Ragstone and Clypcus grit," Hull, Mem. of the

Geol. Surv. 1S57. "Zone of Ammonites I'arkinsoni," Wright,

Monogr. of Oolitic Kchinodcrms, IS5G. " Spinosa-stage," l.vcctt,

Cotteswuld Hills Handbook, 1>5S.

Funit/n hjijulviih nls. --" Planner Jura, e (jwirt)," Quenstedt, Flotz-

gehirge, 1 *43. " Parkiiisonthonc brainier Jura, o uud c (part),"

Quenstedl
(
I'fizenmeyer). " t'aleaire u I'olypicrs," Tenpiem, I'a-

leontol. (hi depart, de la Moselle, 1>5.~>. •• Die Schichten des Am-
monites Parkinsoni," Oppel, Die Juraformation, Is5l>.

Description.—Tin; series of beds which 1 include in the zone of

Annnnnitis I'arkinsoni present different degrees- of development in

Gloucestershire. In the Northern ( 'ottoswolds, w here the best types

are seen, they rest on thick-bedded oolitic linn-stones or freestone,

and are overlain by the r'nller's-carth, containing bands with fhtna
acuminata. When the upper freestone is absent, the\ repose as :it

Tm kdean, on the oolite-marl ; at Sherborne, on the lower freestone;



38 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Apr. 6,

and at Burford, on the Upper Lias. This zone is the most per-

sistent of the three subdivisions of the Inferior Oolite, and is the

only representative of that formation in the south-eastern parts of

the county of Gloucester
;

for, whereas at Leckhampton Hill the

three zones of that formation attain a thickness of 264 feet, at Bur-
ford, a distance eastwards of twenty miles, the Inferior Oolite is

reduced to less than 20 feet, and is there represented by the Par-

kinsoni-zone,—the middle and lower zones being altogether absent.

In the Northern Cotteswolds, in one or two sections, the following

beds may be distinguished.

Fuller's-earth with Ostrea acuminata.

A. Upper Trigonia-grit.—Consists of thin-bedded, brown, oolitic

ragstones, containing many fossils, chiefly in the form of

moulds. Trigonia costata, T. formosa, T. signata, Rhynchonella

spinosa, Ammonites ParJcinsoni, A. Martinsii.

B. Oryphite-grit.—Almost entirely composed of the valves of

Gryphcea sublobata, imbedded in a sandy or calcareous ma-
trix. It is an oyster-bank of greater or less thickness, and

is exposed in many sections in the Northern Cotteswolds,

but is absent south of Bodborough Hill.

C. Lower Trigonia-grit.—A light-coloured, grey or brown, thin-

bedded, sandy, oolitic or argillaceous ragstone. It contains

in many places a great abundance of fossils. Clypeus Plotii,

Echinobrissus clunicularis,Holectypus depressus,Peclina rotata,

Terebratula globata, and Lima gibbosa appear for the first

time in this bed.

D. Chemnitzia-grit.—This consists of a hard crystalline bed of

ragstone above ; with bands of marls and clays below. The
marls contain Chemnitzia procera, fishes' [teeth and palates,

with remains of Crustacea.

Thick-bedded oolitic limestone {freestone) often bored by Annelida.

This division of the zone of Ammonites ParJcinsoni, in the works
of Murchison, Hull, and Lycett, differs in some important particulars

from the description of the same beds given by former authors. The
" Clypeus-grit," with Terebratula globata, is represented as the

uppermost stage of the Inferior Oolite, overlying the Upper Tri-

gonia-grit ; but I shall endeavour to demonstrate, by the sections to

be described in the sequel, that Clypeus Plotii and Terebratula glo-

bata swarmed in the ocean with Trigonice long before the Gryphite-

grit was deposited
;
although this sea-urchin and its congeneric

Echinidai lived in the waters which deposited the Fuller's-earth,

Great Oolite, and Cornbrash, where all these species became extinct.

In fact, the fauna of the Lower Trigonia-grit presents a remarkable

contrast to that of the freestones on which it rests, both in genera

and species. The floor of the sea, formed by the freestones, was
indurated; and the solid rock was perforated by the Annelida which
lived in the Trigonia-stage. Many species likewise of Fish, Ammo-
nites, Conchifera,Brachiopoda, Echinodermata, and Corals now appear
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for the first time ; some only of which lived through subsequent
stages and flourished in the Cornbrash, in which they all died out.

It is a remarkable fact that the fauna of the Parkinsoni-zonc has
many more characters in common with that of the Cornbrash than

with the lower zones of the Inferior Oolite.

I now proceed to describe sections in which the typical litho-

logical and paloeontologieal characters of the Parkinsoni-zonc in the

Northern Cotteswolds arc well exposed. I intend giving full lists

of all the species which I have collected from the different beds of

this zone, for the purpose of showing that even in this small forma-
tion all the species have not the same duration of life in time.

A. Section I.

—

Leckuampton Hill.—Northern escarpment.

The Parkinsoni-zonc may be said to attain its greatest thickness

in this section ; but the fossils are not so well preserved as in several

other localities. I commence with it, as it presents nearly all the

beds which I have enumerated in my general section of the zone.

ft. in.

A. Upper Trigonia-grit.—A coarse, brown, fcmiginous,

fragmentary oolitic limestone, much shattered. The
fragments contain impressions of Trigonia costata,

T.formosa, and other Conchifers, withllhyachoneUa

mimosa, lih. anyulata, and other Prachiopods. In
the uppermost layer of the bed, Ammonites Parkin-

soni lies 7
B. Gryphite-yrit.—A coarse, brown, calcarco-siliceous

ragstonc, wliich was an oyster-bank in the Oolitic

sea. It is composed of the valves of Gryphcea si*6-

lobata, Desh., which lie closely piled upon each

other, and constitute almost the entire bed . . 8 to 10

CI. Yellow Bandy marl or clay, which separates the

Gryphite-grit from the underlying Lower Trigonia-

grit. It contains many shells : PJioladomyaJldi-
nda, Sow. ; Gcrvillia Hartnuinni, Qoldf. ; Modiola
fjHifiusa, Sow. : Modiola plivata. Sow.

; I'inna

cuneata, Phil. ; Terebratula perovalis, Sow 4
V 2. Lovu r Triyoida-yrit. — A light-coloured rubbly

oolite, containing many fossils, chiefly moulds of

Gasteropoda and V<> it< /i if, in 2 to 4
I). The C/ii iiinit:ia-t/rit.—A hard ragstone above, and

Soft marl bolow :

—

1. Hard crystalline ragstone, close-grained and non-
fossiliferoiis.

2. Light-coloured marl-, with L'lumnilzia prin t ra.

Dealang.
'>. Stiff brownish day.
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Fossils of A. Upper Trigonia-grit.

Trichites undulatus, Lyc.

Homomya gibbosa, Sow.

Pholadomya Heraulti, Ag.
Devalquei, Lyc.

Lima proboscidea, Sow.

gibbosa, Sow.

Terebratula emarginata, Sow.

Ehynchonella spinosa, Schloth.

concinna, Sow.

Modiola gibbosa, Sow.

Pinna ciineata, Phil.

Terebratula perovalis, Sow.

Belemnites canaliculatus, Schloth.

abbreviates, Miller ?

Nautilus obesus, Sow.

lineatus, Sow.

Ammonites Parkinsoni, Sow.

Martinsii, oV Orb.

Moulds of Nerinasa, Pleurotomaria,

Natica, and Cbemnitzia.

Trigonia costata, Sow

.

formosa, Lyc.

Fossils of B. GrypMte-grit.

Lima proboscidea, Sow. I Pholadomya Heraulti, Ag.

Gryphsea sublobata, Desk.
|

Pholadomya fidicula, Sow.

Fossils of C. Sandy clay.

Ammonites lasviusculus, Sow.

Pholadomya fidicula, Sow.

Gervillia Hartmanni, Goldf.

Modiola plicata, Sow.

The fossils contained in the Lower Trigonia-grit (C 2) and the

Chemnitzia-grit (D) of Ravensgate Hill are so much better preserved

than the shells from the same beds at Leckhampton, that I shall

give the lists of these beds when I describe the Ravensgate section,

the species being identical in both localities.

Section II.

—

Ravensgate Hill.

The Upper Trigonia-grit and nearly the whole of the Gryphite-

grit have been denuded from the upper part of Ravensgate Hill,

which is capped by about 18 inches of light-coloured rubbly oolite,

consisting of brashy layers of an oolitic mudstone, loosely cemented

by an argillaceous matrix, and containing a few valves of Oryplicea

sublobata. This is underlain by ragstone 1 foot thick, resting on a

band of yellowish clay measuring from 12 to 18 inches.

B. Rubbly oolite above, ragstone in the middle, and yel- ft. in.

low clay below. The entire bed, which represents

the lower portion of the Gryphite-grit, is about . . 4
C. Lower Trigonia-grit.—A fine-grained sandy oolite,

freely speckled with ferruginous grains of the sili-

cate of iron. It is a very fossiliferous bed ; and the

numerous shells which it contains are sometimes

well preserved. It measures 3
D. Chemnitzia-grit.—Consisting of

1. A hard, close-grained, oolitic ragstone, which be-

comes flaggy in parts, and is apparently non-
fossiliferous. From 1 foot to 1 6

2. A light-coloured marl, extremely friable, and con-

taining Fishes' teeth, palates, and Chemnitzia.

From 1 foot to 1 6

3. Yellowish or brownish clay, streaked with ferru-

ginous laminae towards the base, and containing

Fishes' teeth. 1 foot to 1 6

Ooliticfreestones, inlargebedded blocks, with vertical joints.
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Fossils of C. Lower Trigonia-grit.

Ammonites la;viusculus, Sow.

Sowerbii, Miller.

Belemnites giganteus, Schloth.

abbreviates, Miller.

Natica adducta, Phil.

sp. n.

Monodonta laevigata, Sow.

Pleurotomaria fasciata, Sow.
Trochotoma carinata, Lyc.

C'hemnitzia, sp. n.

Trigonia costata, Sow.

formosa, Lyc*
Pholadomya fidieula (var. Zieteni), Ag.

Heraulti, Ag.

media, Ag.
ovulum, Ag.

Homomya crassiuscula, Lyc.

Myopsis dilata, Phil.

Cercomya pinguis, Ag.

Goniomya angulifera, .Slow.

Plouromya elongata, Ag.
tenuistriata, Ag.

Ghresalya latdrostxis, Ag.

abducta, Phil.

confonnis, Ag.

Ceromya Bajociana, <T Orb.

Trichitcs undulatus, Lyc.

Gervillia Hartmanni, Gold/.

tortuosa, Deslong.

Quenstedtia oblita. Phil.

Cardium striatulum, Phil.

kerigatum, Lyc.

Corbicella tumidula, Lyc.

Unicardium depressum, Phil.

Astarfe elegans, Sow.

excavata, Sow.

Opis cordiformis, Lyc.

Tancredia donaciformis, Lyc.

Macrodon Hirsonensis, d Arch.

Cucullaea oblonga. Sow.

Avicula digitata. Deslong.

Cypricardia cordiformis. Desk.

Isocardia cordata, Huckm.
Pinna cuneata, Phil.

ampla. Sow.
Modiola plicata, Souk (M. Sowerbii,

d'Orb.)

bipartita. Sow.

gibbosa, Sow.

imbricata, Sow.

Lima compressa, Wr., sp. n.—— sulcata, Miinst.

Terebratula impressa, Dav. (T. Meri-
aui, Oppel.)

Wrightai, Davids.

Rhynchonella concinna, Sow.
spinosa, Schloth.

Ilyboelypus caudatus, Wright.
Clypeus Hugii, Ag.

Thecosmilia gregaria, Edw. S{ Haime.
Isastnea tenuistriata, Edw. Sf Haime.
Thamnastraa Defranciana. Michelin.

Terquemi, Edw. if Haime.
Anabacia orbulites, Lamour.
Calamophyllia, sp.

Laioma-andra Davidsonii. Edw. >y

Haime.

* I have to thank my valued friend, Dr. John Lycett, for the following
note on Trigonia formosa:—

Trigonia formosa, Lycett (Syn. Lyrodon striatum. Goldf. Petref. tab. 137.

fig. 2; Trigonia striata, Quenstedt, Jura, tab. 4<i. fig. 2, not Trigonia striata.

Sow.).— Shell ovately trigonal, witli a low convexity
; the umboncs arc elevated

and recurved ; the superior border is lengthened and concave, sloping obliquely
downwards ; the area is concave, rather narrow, witli a mesial oblique furrow
bordered by two tubcrculated carina? and crossed by densely arranged transverse

Striatums ; the lanceolate postligameutal space is very much lengthened and
excavated. The erenulated rows of costir upon the other portion of the shell are
arranged in a manner similar to those of 7. striata ; but they are less elevated,
and the smooth interstitial spaces arc wider. This handsome species has gene-
rally been mistaken for T. striata, owing chiefly to the very indifferent specimens
which were represented upon Table J.'l? of the • Mineral Conehology,' and the
insufficient description appended; a succinct description of T. striata will be the
most ready means of showing the specific distinctions which characterize the two
shells. 7. striata 1 m- the general figure subqundratc, owing chietly to the ^reat
breadth of the llattencd area at its |K>sterior extremity, and the nea'rlv horizontal
position of the little lanceolate space posterior to the ligament. Agassi/ remarks,
upon its subquadrate fiL'nre, that he should have Uvn inclined to place it with
his section " Ijuadratie." if it wen- not furnished with a distinct carina, separating
the area from the cost atcd portion of the shell, as exists in the " t'lavell.it e

'

generally. The area i- ven large, flattened or even sli,;htl\ convex; it* breadth
at the posterior border is equal to the entire breadth o| the coslnted portion of
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Fossils of D 2, 3. Chemnitzia-grit.

Chernnitzia procera, Deslong. I Sphasrodus ; teeth.

Nerinasa.
|
Squalus; teeth.

Section III.

—

At Cold Comport.

A roadside excavation at Cold Comfort, made for extracting road-

material, has exposed a very rich upper bed of this zone. The
abundance and fine preservation in which the shells of Perna rugosa

are here found has obtained for this section the name of the " Perna-

bed," as this species has not yet been found in numbers in any other

locality in this district.

It is probable likewise that the Perna-bed may represent a higher

portion of the Upper Trigonia-grit than that exposed at Leckhamp-
ton Hill. The reasons for this opinion are these:—It contains many
species of Oonchifera and Gasteropoda not found in the Trigonia-grit

of the latter locality ; moreover the Trigonia costata of the Perna-

bed belongs to a well-marked permanent variety of that species,

which has been designated by the name tenuicostata.

ft. in.

A 1. Upper ragstone, consisting of hard fragments of

oolitic limestone, which form a coarse rubbly rock

traversed by a fossiliferous layer 4
A 2. The Perna-bed is a hard greyish mudstone, slightly

oolitic, and full of shells and of shelly fragments

in the form of crystallized carbonate of lime. It

breaks with an uneven and uncertain fracture .... 6
The Perna-bed rests upon a non- fossiliferous layer, which passes

into another band of rock covered with Serpulajlaccida, Goldf., on the

under side of the stone.

ft. in.

A 3. A hard-grained oolitic limestone, the recently frac-

tured siu-face of which glistens with crystalline

particles or fragments of shells. The small portion

exposed is non-fossiliferous. This rock was
formerly extracted for road-material. Thickness

probably 8

the shell ; it is equal to three-fifths of the length of the marginal carina, and
nearly twice as long as the lanceolate space ; the small lanceolate space is smooth
and flattened ; the marginal and inner carinas are delicate, without tubercles or

varices, and are only indented by the fine striations which cross the area and
pass over them. The costated portion of the shell is narrow, being only slightly

wider than the area ; and the general figure of the shell is very short, or truncated
posteriorly ; the umbones are not recurved, and the marginal carina is nearly

straight.

Both species occur at Dundry ; and T. striata is, in the Inferior Oolite, the

prevailing representative of the genus throughout Somersetshire, Dorsetshire, and
in the Province of Calvados ; but it does not appear to have extended into the

Cotteswold sea, where the little group of species allied to T. striata is represented,

throughout all the beds of the formation, by T. formosa. The figure in the

'Petrefacta' of Groldfuss represents the characters of T. formosa less prominently

than the Cotteswold specimens. The figure of Quenstedt must be regarded as a

variety of T. formosa, with widely separated rows of costa3 ; and this is the

aspect which it assumes in the sands of the Upper Lias in Gloucestershire.—J. L.
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Lima proboscidea, Sow.

Ostrea flabelloides, Lamk

Fossils of A 1. IxiKjsloiu .

I Lima pontonis, Lyc.

I

Terebratula Wrigbti, Davids.

Fossils of A 2. Penui-bed.

Ammonites Edouardianus, cV Orb.

IMeiirotomaria ornata, Dcfrunce.

Purpurina Belia, cPOrb.

Tenia rugosa, Munst.
GiTvillia pradonga, Lyc.

tortuosa, Phil.

Trigonia costata, Sow., var. tenuicostata.

formosa, Lyc
signata, Ag. (T. decorata, Lye.)

duplieata, Sow.

gemmata. Lye.

eostatula, Lyc.

Cardium striatidum, Phil.

lsevigatum, Lye.

Triehitcs undulatus, Lyc.

Homomya crassiuscida, Lyc.

Leda inflata, Wr., sp. n.

Macrodon Hirsonensis. i/'An-hioe.

Cuculhea cancellata, l'hil.

Levis, Buckm.
Cypricardia cordiformis, Desh.

Pectcn articulat us. (l'.Dewalquei, Opp.)

annulatus, Sow.

Hinnitea fcuberculatuB, Goldf.

Terebratula Wrightii, Davids.

Serpula filaria, Goldf.

flaecida, Goldf.

IIyboclypu9 eaudatus, Wright.

Thamnastra a Mettenais, E8i». tyHaime.

(In large flat masses on the valves of

Penia rugosa.)

Montlivaltia. (Adberent to Pern<r.)

Fossil fruits, belonging to two or three species, have been found,

by Hr. William Jenkins, in the Pema-bed.

Section IV.

—

Birdlip Hill.

The road from Birdlip to Gloucester exposes a section of the

Lower Trigonia-bcd, which rests upon thick-bedded oolitic lime-

stone, and is overlain by the lower portion of the Grryphite-grit.

The upper portion of that oyster-bank has been here denuded ; but

the lower portion is seen in situ in a quarry about 150 yards from

the turnpike on the road to Cheltenham. It rests on the Trigonia-

bed, which consists of a coarse, light-coloured, fragmentary oolitic

limestone, containing many Conchifers, Brachiopods, and Echino-

derms, and separated from the freestone below by a band of clay.

The lower Trigonia-bcd here assumes the character which it presents

in so many other points of the southern and eastern ('otteswolds,

where it has been called " Clypeus-grit," from its containing many
specimens of Oh/peUB Plotii. It must be remarked, however, that

this Clyp'-us-grit is not, as it lias been figured and described by some

authors, a bed so/orior l<> tin u/>/nr Tr'njoniti-ijrit of Leckhampton ;

hut is, in fact, the equivalent of the lower Trigonia-bcd in the pre-

ceding sections. Where it tonus the uppermost stratum of the

Inferior Oolite, immediately underlying the Fuller's-earth, either

the L'pper Trigouia-grit and ( irvphite-grit have been denuded, and

are absent, or. through the thinning out or absence of the (irvphite-

grit, the two Trigonia-beds have come into juxtaposition ami formed

one Trigonia-grit.

Fossils if tin Lor, /• Triil<>ili<t-r/rit.

Trigoniii costata. N
formosa. Lyc

Limn gibl>08n, Sou:

Pholadomyi I Icnmhi.

medio, Ag.

ovtilum, Ag.
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Terebratula globata, Sow.

Kbyncbonella spiuosa, Sckloth.

Pedina rotata, Wright.

Stomechinus intermedius, Aq.

Echinobrissus clunicularis, Lhwyd.
Holectypus depressus, Lamh.

bemispbaericus, Des.

Clypeus Plotii, Klein.

Hugii, Ag.
Anabacia orbulites, Lamour.
CladophyUia, sp. n.

Isastrsea tenuistriata, Edw. 8f
Haime.

Thecosmilia gregaria, Edw. Sf Haime.

In the Stroud district, the zone of Ammonites ParJcinsoni is well

developed, and in some places richly fossiliferons. Among these

localities, Painswick Hill, Rodborough Hill, Selsey Hill, Scar Hill,

and Culver Hill near Nailsworth, may be enumerated as affording

good sections.

The Parkinsoni-zone or ragstone, at Painswick Hill, according to

Mr. Hull, " is well developed, becomes very sandy towards the base,

and contains a bed of siliceous sand of considerable thickness. The
beds are very fossiliferous, containing Gryphcea, Trigonia, Lima, and

Modiola. The whole thickness of the zone cannot be less than forty-

five feet."

Section V.

—

Rodborough Hill.

Although the beds composing the zone of Ammonites ParJcinsoni

have not the same thickness here as in the Cheltenham district, still

their subdivisions may be readily distinguished, whilst many of the

Conchifera are far superior in conservation to those found in the

northern Cotteswolds. The rock having long been raised for road-

material and boundary-walls, a considerable surface has in conse-

quence been exposed. The beds are all extremely fossiliferous ; and

the shells, when it is possible to extract them from the hard matrix,

are well preserved, although they are rarely got out entire.

ft. in.

A. Upper Trigonia-grit.—A hard, light-coloured sandy

limestone, composed of several beds. There are

two or more fossiliferous bands in the bed, crowded

with Conchifera. The shells are in the condition of

crystallized carbonate of lime, or represented by
internal moulds 8

B. Gryphite-grit.—A greyish or brownish concretionary,

siliceo-calcareous rock, filled with the valves of Gry-

phwa sublobata and a few other species of Conchifera.

From 1 foot to 2 6

C. The Lower Trigonia-grit.—A hard greyish or brownish

argillaceous limestone, crowded with the shells of

Conchifera heaped together in all directions. The
bed is in fact in great part composed of the valves

of many species of Mollusca, and rests on a thick

-

bedded oolitic freestone, bored by Annelida 1

The above note having been made some years ago, I intended to

have verified it now ; but as I felt unequal at present to climb Rod-
borough Hill, I requested my esteemed friend, Dr. John Lycett, to

examine the section for me ; and he reports

—
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" I have been to Rodborough Fort today, Nov. 13, 1858, to take

more exact observations on tbe bed with Gryphites ; and the following

is the result. Your account of the Trigonia-grit is sufficiently cor-

rect ; and it is very remarkable how small at that place is the thick-

ness of the rags between the Trigonia-grit and the Freestone or

bored beds. At the eastern end of the quarries they are only two

feet, and the separation into two beds is not very well defined ; but

towards the western side, that is, next to the Fort, it is clearly

divided into two beds, which have an aggregate thickness of at least

three feet. The upper portion is much harder than the lower, and

is more siliceous, becoming at intervals concretionary, and abounding

throughout its mass with the valves of Gryphites ; in smaller num-
bers are other shells. As the bed is generally very- hard, it is difficult

to obtain anything like an accurate list of them ; but I imagine there

are on the whole a goodly list of Testacea, together with a few corals.

" The Gryphites are found in the basement-bed of the rags, almost

down to the freestone. The prevailing character of the basement-bed

is its argillaceous dark-grey colour ; but there is much variability in

its hardness and colour in its course through the long range of

quarries. Upon the whole, I cannot see that the fossils of the

Gryphite-stratum at this place can be dissociated from those of the

crowded stratum next below ; but I can quite understand that,

where the rock has greater mass, the superposition of the fossils

may be more distinctly marked, and that the Gryphite-bed may be

more clearly separated from that beneath it. I fully remember that

in a quarry upon the northern side of the valley, one and a half or

two miles N.E. of Stroud, the Gn/pheece occur in two distinct zones,

with about three feet of rock between them."

Under the name " Pholadomya-grit," Dr. Lycett designates the

uppermost beds of the upper Trigonia-grit, in which he has found

the following species :

—

Ilomomya gibbosa, Sow.

Pholadomya Heraulti, Ay.

Dewnlquei, Lye.

Ceromya plicata, Sow.
- striata. Sow.

Terebratula glohata, S>>ir.

Terebratula oarinata, Lcemk.

Rhynchonella angulata. Sow.

spinosa, Schlofh.

Clypeus Plotii, Kit in.

Holeetypus depressus, La in A:

Fossils of A. Upper Trigonia-grit,

Ammonites Parkinsoni, Souk

Martinsii, d' Orh.

Trigonia oostata. Sue.

V-costata, Lye.

duplicate. Sow.

signata, Ay.
- prodneta. Lye.*

Opis similis, Sou:

Cardiuui Puekniani, Lye.

L'nioanliiini depression, Phil.

Quenstedtia laevigata. Phil.

Maerodon Hirsonensis, (PAreh.

Triehites undulatus. Lye.

Ptvten demissus, Phil.

* This note on Trigonia pn<Juefa baa bivn kindly communicated by its

author :

—

Trigonia prodneta, Lycett. Tito hard upper Trigonia-grit at Hodborough

Hill has produced, rarely, an elongated Triyniu allied to T. anynlata. Sow., but

distinguished by the following elm meters :— It i9 much more produced and atte-



40 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Apr. 6,

Pecten articulatus, Schloth.

Lima gibbosa, Sow.

bellula, Lyc.

Avicula digitata, Beslong.

ornata, Goldf.

Perna rugosa, Goldf.

Gervillia pernoides, Beslong.

Astarte subtrigona, Goldf.

rbomboidalis, Phil.

rugulosa, Lyc.

Ceromya striata, Sow.

Homomya gibbosa, Sow.

Pholadomya Heraulti, Ag.

media, Ag.

Pleuromya elongata, Ag.
Gresslya abducta? Phil.

Goniomya angulifera ? Sow.

Terebratula globata, Sow.

carinata, Lamk.
Bhynchonella spinosa, Schloth.

angulata ? Sow.

Clypeus Plotii, Klein.

Hugii, Ag.
EcMnobrissus clunicularis, Lhwyd.
Holectypus depressus, Lamk.

hemisphsericus, Besor.

Pedina rotata, Wright.

Stomecliinus intermedins, Ag.

Fossils of B. Gryplnte-grit.

Gryphcea sublobata, Besh.

Pholadomya Heraulti, Ag.

media, Ag.
ovulum, Ag.

Trigonia striata, Sow.

Myopsis dilata, Phil.

Fossils of C.

Ammonites Sowerbii, Miller.

Troehotoma carinata, Lyc.

Natica adducta, Phil.

Monodonta laevigata, Sow.

Turbo Etheridgii, Lyc.

Ostrea flabelloides, Lamk.
gregaria, Sow.

rugosa, Goldf.

Gryphsea sublobata, Besh.

Perna rugosa, Goldf.

Pecten lens, Sow.

demissus, Phil.

articulatus, Schloth.

personatus, Goldf.

Modiola plicata, Sow.

gibbosa, Sow.

Mytilus curtansatus, Lyc.

Pleuromya Goldfussi, Lyc.

Lima compressa, Wr., n. sp.

Pecten spathulatus, Quenst.

Goniomya angulifera, Sow.
Ehynchonella, sp.

Thecidium triangulare, d' Orb.

Lower Trigonia-grit.

Mytilus tumidus, Lyc.

Pinna cuneata, Phil.

Trichites undulatus, Lyc.

Gervillia Hartmanni, Goldf.

tortuosa, Phil.

preelonga, Lyc. sp. n.

Lima proboscidea, Sow.

bellula, Lyc. S( Mor.
gibbosa, Sow.

punctata, Phil.

Cuculleea oblonga, Sow.

Macrodon Hirsonensis, d'Arch.

Tancredia donaciformis, Lyc.

Quenstedtia oblita, Mor. 8f Lyc.

Corbicella compressiuscula, Lyc.
— tumidula, Lyc.

B. The Parkinsoni-zone at Dundry has been already described

(p. 24) in connexion with the Hnmphriesianus-beds, treated of in

detail (p. 23).

nuated posteriorly ; the umbones are obtuse, not recurved ; the anterior side is

very convex and short, but rounded ; the area is very narrow, flattened, nearly

straight and smooth, traversed by an oblique mesial furrow, and sloping obliquely

downwards ; the marginal keel is distinct, but small, and nearly straight. The
costas are few in number (about eight), little elevated, but distinctly tuberculated

throughout their course ; their direction upon both sides is obliquely downwards,

so that they meet at an obtuse angle near to the middle of the valve. The size

of the costse does not differ materially at their two extremities ; therefore they

do not form the elegant undulation seen in T. angulata, nor the acute angle of

T. V-costata. A comparison of these features with the figure of the T. angu-
lata given in the ' Mineral Conchology ' will show that the latter shell has mesial

recurved umbones, and an excavated posterior area ; that the costae do not form
regular tubercles, and that they become large and prominent at their posterior

imdulation : altogether, Sowerby's species is a much more elegant shell.—J. L.
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Near Bath, as at "Widcombe Hill, the Inferior Oolite is represented

chiefly by the upper subdivision of this formation. Not having ex-

amined this section, I cannot state whether the middle subdivision

is likewise present ; and unfortunately the determination of the spe-

cies in Mr. Lonsdale's valuable memoir is not sufficiently precise to

enable me to form an opinion thereon.

In the Yeovil district of Somerset, as I have already stated, the

Humphriesianus-beds are overlain by light-coloured oolitic lime-

stones, containing Ammonites ParJcinsoni, and also shells character-

istic of the upper subdivision of the Inferior Oolite, as shown in tho

section at Hall-way House, to which the reader is referred (p. 35).

C. In the neighbourhood of Bridport, Dorset, the Parkinsoni-zonc

is well developed, and fully exposed in several instructive sections,

as at Walditeh Hill and Chidcock Hill, near Bridport, and on the

Down between BridportHarbour and Burton Bradstock. The quarries

on the hill were formerly worked for road-stone ; but in consequence

of the railroad having brought chalk-flints into the neighbourhood,

the oolite has fallen into disuse. The following section represents, in

descending order, the beds exposed near Burton Bradstock.

Section afforded by the Quarries in the Zone of Ammonites Parkinsoni

near Barton Bradstock.

^a. A coarse, ferruginous, ironshot oolite, con-

taining many fossils : Ammonites Parkinsoni,

A. Tmdlei, A, subradiatus, Aneijloceras an-
nidatum, Astarte obUqua

Zone of b. Thin-bedded oolitic limestone, with few
Ammonites fossils

Parkinsoni. c. Brachiopoda-bed ; a rich shelly oolite, con-

taining immense numbers of Tercbratula

splueroidalis

d. Thin-bedded oolitic limestone ; few fossils.

ft. in

3 o

1 (J

1

I

^e. Coarse brown oolitic limestone 2

Fossils from the Burton Bradstock- Quarries (Parkinsoni-zonc).

Ammonite* Parkinsoni, .S'<>«\

Martinsii, d' Orh.

Trnellei, <i Orb.

subradiatus, Sow.

Nautilus lineatus, Sow.

Pjelemnites yiipinteus, Srhl»fh.

eanalieulatu?, Schlnfh.

l'lrurotomaria Proteus, />>/.</./.

Parpurina ornata, Sow.
Astarte oliliqua, Lumk.

subtrigona, dtStut.

Modiola euneatn, .S"i/'.

Lima semieireularia, Goldf.

proboscidea, Sow.
I'lioladotnva Ileraulti. Ay.

Pleuromya Jurassi, liromj.

Rhynelionella spinosa, Schloth.

plieatella. Saw.
Terebratula spliaroidalis, S<iir.

Phillipsii, Mot.
Clypuus Agaasizii, H'r.

altu», A/' Co//.

llrboelvpus gibberulus, Aij.

Stcmuviiinus liigranularis, Lumk.
Citlaris Bouchardii, Wr.
Holectypus liemispliaricus, A .-..r.

L'ollyrites ringens, Desm.
ovalia, Letke.

Montlivaltia troelioides, F.ihr. \ llaimr.

PelnUvliei. Echo, & ll<u,i<<.

TroetHM-vallins Mai;no\ illiamis. Mo l,>l.

Di&coeyatlius Kudesi, Michel.
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§ IV.

—

Conclusion.

In the preceding pages I have (in the first place) endeavoured to

show that we find the true equivalents of the Tipper Lias Sands and
Cephalopoda-bed of the South of England in the Yorkshire coast ; for,

although the lithological features of this formation are somewhat
different in the north, still its palaeontological characters leave no

doubt as to the correlation of the Blue Wick beds near the Peak
with the Cephalopoda-beds of Gloucestershire.

2nd. The chief object of this memoir was to demonstrate that the

Inferior Oolite admits of a subdivision into three zones of life, and

that each of these is characterized by certain species of Mollusca,

Echinodermata, and Anihozoa, which are special to it.

3rd. That the zones are unequally developed in different regions

in England ; and the same remark applies to France and Germany.
The individual beds composing these subdivisions are sometimes

thin and feebly shown, or altogether absent in some localities, and
are more or less developed in others. The zone of Ammonites Mur-
chisonce is the one most frequently absent ; that of Ammonites Hum-
phriesianus has a wider geographical area ; whilst the zone of Ammo-
nites ParJcinsoni is the most persistent, and is frequently the only

representative of the Inferior Oolite formation.

4th. That several Conchifera and a few Gasteropoda are common
to the three zones, whilst most of the Cephalopoda, Brachiopoda,

Echinodermata, Anthozoa, and Polyzoa lived only in one of these

subdivisions ; and that each zone contains a fauna of its own, which

sufficiently characterizes it.

5th. That the zone of Ammonites ParTcinsoni possesses many species

of Mollusca, Echinodermata, and Corals in common with the Corn-

brash ; and the zone of Ammonites Murchisonce, several Conchifera

which lived in the Jurensis-stage of the Upper Lias; whilst the

Cephalopoda, Brachiopoda, Echinodermata, and Corals of the In-

ferior Oolite are all specifically distinct from those of the latter

formation.

6th. The existence of three different faunas in the Inferior

Oolite is evidence that a long period of time elapsed during the

accumulation of this formation ; and the successive appearance and

extinction of so many different forms of Invertebrata testifies that

many important changes of level in the bottom, as well as in the

shore-line of the Jurassic sea, had taken place during the deposition

of the oldest member of the Lower Oolitic rocks.
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April 20, 1859.

Robert Folkestone "Williams, Esq., 76 Colcshill Street, Eaton

Square, and Phillip Debell Tucker, Esq., 36 Holford Square, were

elected Fellows.

The following communications were read :—

1. On some Reptilian Fossilsfrom South Africa. By Professor

Owen, F.R.S., F.G.S., &c.

(Plates I. II. III.)

Genus Dicynodon: Subgenus Ptycuognathus*, Ow.

This subgenus is founded on four skulls, forming part of the collec-

tion transmitted to the British Museum in 1858, by His Excellency

Governor Sir George Grey, K.C.B., from tho sandstone rocks at the

foot of the Rhcnostei'berg, S. Africa. These skulls belong, by their

dentition, to the Dicynodont family, but present such strongly

marked deviations from the type species of the genus {Dicynodon

hurrtict-ps, Dw.) as to indicate a distinct subgeneric section; they

were accordingly entered in the Museum list, and labelled in the

cabinet where they are exposed to view,under the term Ptychognathus,

Dicynodon (Ptychognathus) decVtvis, Ow. (Plate I. figs. 3, 4, 5.)

In this species, assuming the horizontality of the upper (fronto-

parietal) plane of the cranium (PI. I. fig. 3 n) as giving the natural

position of the skull, the broad plane of the occiput meets the fronto-

parietal plane at an acute angle, rising from the condyle upwards and

backwards—a direction not hitherto observed in any reptile, and

similar to that presented by the occiput in relation to the vertex in

the feline and many other gvrenecphalous mammals.
The fronto-parietal plane (ib. fig. 5) is bounded by an anterior

ridge, i i, is, extending from one superorbital process to the other,

with a gentle convexity forward, including the interorbital space.

From this ridge the facial part of the skull (fig. 3 is, -n) descends

in a straight line in a direction nearly parallel with that of the

occiput, but slightly diverging from that parallel as it extends down-
ward and forward. The occipital ridge (tig. 4 7, s) is much produced,

and is deeply notched at the middle, the sides of the notch being

continued forward and gradually subsiding on the parietal plane as

they curve outward to the postfrontals ( tig. 5). In the middle of

the fronto-parietal surface is a transverse pair of tubercles. Tho
occipital plane, owing to the outward expansion of the niasto-tvm-

panic plates (tig. 4 h, -2s), becomes the broadest part of the skull,

which quickly contracts forward to the ridged beginnings of the

alveoli of the canine tusks (tig. f> 71).

* From irrvZ (gen. tttv\u\), a fold, nnd yva9i t, a jaw.

vol. xvi.— taut L
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The nostrils (n), divided by a broad and almost flat base of the

premaxillary (figs. 3 and 5 22), are situated, as in Enaliosauria,

much nearer the orbits than the muzzle. They are proportionally

smaller than in the typical Dicynodonts.

The orbits (0) are oblong and have a somewhat reniform figure,

owing to the production of the superorbital ridge into a protuberance

a little behind its middle part ; their posterior boundary describes a

strong convex curve between this protuberance and the zygomatic

arch. The form of the orbit suggests that the reptile had the power
of turning the eye-ball so as to look upward and backward, as well

as outward, in a peculiar degree. The cranium has undergone no
pressure or distortion to produce this form of orbit. The upper

outlets of the temporal fossse (fig. 5 s) are broader than they are

long, and wider externally than internally. The palate has a single

large oval vacuity at its back part, bounded externally and behind

by palato-pterygoid ridges.

In one orbit a few of the sclerotic plates (fig. 3 s.) were preserved.

The occipital condyle is subtrilobate, and is formed by the basi-

ng. 4 1) and ex-occipitals (ib. 2) in pretty equal proportions. After

most careful scrutiny on removal of the matrix from the surface of

the fossil bone, I believe the exoccipitals to have coalesced, or to

have been connate, with the paroccipitals, analogous to the con-

fluence of the ex- and par-occipitals in the Crocodiles*. The ex-

occipitals (ib. 2) meet and join together above the foramen magnum.
The broad occipital plate or " bone " so formed is emarginate above

for the superoccipital (ib. 3) ; and the outer boundary or suture

describes a strongly undulating course as it curves outward and down-
ward to the paroccipitals. These processes (ib. 4), abutting against

the lower part of the mastoids, are divided by a notch from the

hypapophyses (h) of the basioccipital, which are thicker in proportion

to their length than in the Dicynodon tigriceps. The outer surface

of the occiput, so defined, is undulating ; but much of the occipital

plane at its upper and lateral parts is contributed by the parietals

(7) and mastoids (s), especially the latter, which are of great extent.

The parieto-mastoid suture runs upward to the middle of the back wall

of the upper outlet of the " temporal " fossa. The mastoids unite with
the exoccipitals by a deeply indented suture : a ridge is developed

where the masto-tynrpanic joins the paroccipital. About an inch ex-
ternal to the parieto-mastoid suture the mastoid developes a strong

subvertical ridge, which extends forward to meet the postfrontal and
malar, and to form the zygomatic outer boundary of the temporal

fossa. Between the zygomatic and occipital plates of the mastoid,

that bone is deeply and widely excavated externally. Between the

top of the superoccipital and the parietal I cannot discern a suture

;

and it is by analogy that I regard the lower median portion of the

symmetrical two-lobed bone (fig. 43) which enters the upper notch

of the coalesced exoccipitals as the superoccipital. The lobes are

formed by the convex parietal ridges which are continued forward

* Geol. Trans. 2nd ser. vol. vii. p. 241, pi. xxxiii.
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upon the upper surface of the cranium (fig. 5), quickly subsiding to

form the inner boundary of the temporal fossa?, and finally curving

outward to the back part of the orbits. There is no trace of median

suture between the parietals ; these form one bone, perforated by a

small " foramen parietale " close to the coronal suture. The frontals

(n) are broader than they are long, and contribute a small share to

the superorbital border. Anterior to the two tuberosities of the

vertex the median suture between the frontals is distinct ; and the

suture is continued forward, between the nasals (is), beyond the

anterior transverse ridge upon the straight sloping part of the skull,

for nearly an inch, where the nasals join the preinaxillary bone.

The superorbital prominence is developed by a large subtriangular
" prefrontal " (u), the outer surface of which is divided into a hori-

zontal facet and a sloping facet by the outer parts of the anterior

transverse cranial ridge. The lacrymal (73) forms the fore part of

the orbit, extending nearly half an inch forward upon the face ; the

outer surface of the premaxillary (fig. 5 22) is traversed by a low

median ridge dividing the upper, nearly flat, elongated surface of the

bone. The sides of the premaxillary (fig. 3 22) bend abruptly down
in front of the nostrils, at a slightly open angle with the upper sur-

face, to join the maxillaries about 8 lines below the angular bend.

The maxillaries (ib. 21) form the lower boundary of the nostrils,

and join above and behind with the prefrontal, lacrymal, and nasal

bones : their outer surface is divided by the strong ridge which has

suggested the subgeneric name for the fossil. This ridge, commencing
below the orbit, where it seems to be a forward continuation of

the zygoma, becomes more prominent as it extends forward, and
soon forms the outer angle of the three-sided socket of the canine

tusk. One side of this socket is formed by the upper and outwardly

concave surface of the maxillary, a second side by the lower and
equally concave surface, and the third side by the inner and inwardly

convex nasal plate of the maxillary. The sockets diverge as they

descend, with a slight curve, convex outwards. The lower jaw is

edentulous ; it is deep and broad in proportion to its length ; it is

composed according to the type of the mandible in the Dicynodons
proper, but with the fore part of the broad symphysis more pro-

duced and bent upward, like the fore part of the lower mandible

in some Parrots.

For the species indicated by the above-described cranium I have
proposed the name of Pti/r/iof/iiatliHS >/>rliris.

I
J
t>/rhn</,tat/iiis httirnstris, 0\v.

A second species ofPtychognathm is indicated by a skull which in

in its facial part is broader and shorter, and which has the orbits of

a more circular form, yet presenting the notch at the upper and hack

part. The sloping facial part of the skull presents the same straight

outline, and is of the .same length, viz. 4 inches, as in /'(. tf,cliris : hut

its breadth at the base of the canine sock, ts is 'A inches 2 lines,

beyond which they slightly expand; and the ridges of these sockets

begin to project nearer to the orbits.

E 2
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The zygomatic arch is a deep compressed plate of bone, with a

convex upper border inclining a little outward, formed chiefly by the

mastoids, which join the squamosal and malar near the lower and

back part of the orbit,—the squamosal there being wedged between

the mastoid and malar, forming the infero- anterior boundary of the

temporal fossa. Between the zygomatic and tympanic plates a wide

and deep oblique channel is included, which expands as it extends

obliquely downward and forward.

The prefrontals, as in Pt. declivis, develope the superorbital tu-

berosities and the outer part of the ridge dividing the upper from

the fore part of the cranium. The postfrontals form the hinder

boundary of the orbits. The frontals contribute a small part to

the upper boundary. The lacrymal forms the infero-anterior boun-

dary, and extends a short way upon the face. A bone below the

nostril appears in the present skull to be marked out by a fissure on

each side from the maxillary ; it may be a dismemberment of the

lacrymal. The nasals are a pair of broad bones, each of a rhomboidal

shape
;
they form the middle part of the anterior cranial ridge, behind

which they unite with the frontals and prefrontals : their lower and

front borders diverge to receive the upper part of the long pre-

maxillary, and to form the upper boundary of the nostrils. Each
nasal, in advance of the precranial ridge, presents two facets, the

outer one bending down to join the facial part of the prefrontal.

The superior maxillary presents a deep facial plate, proportionally

deeper behind than in Pt. declivis : its postero-inferior part is pro-

duced into a slender pointed process, underlapping and on the inner

side of the malar, below the orbit: in advance of this, the bone
rapidly expands, a ridge dividing the outer from the under part of

the bone : this is not continued directly into the alveolar ridge, the

latter beginning to rise a little above the termination of the former

ridge. Below this termination and the beginning ofthe alveolar ridge,

the maxillary sends down an inequilateral triangular plate to join the

palato-pterygoid boundary of the palatal nostril. Above this plate

the maxillary expands to form the socket of the canine tusk, which
is strengthened by the strong ridge on its outer part. The upper

part of the maxillary forms the lower half, or more, of the side of the

face, and terminates anteriorly above the alveolus, by forming a small

part of the alveolar border. This border, anterior to the tusk, is

continued obliquely upward and forward to the middle of the pre-

maxillary bone—a peculiarity of contour which demands a corre-

sponding production of the fore part of the mandible to close the

mouth.

The premaxillary is a long single bone ; if it were ever divided at the

middle line, the suture has been obliterated : the bone has all the

appearance of having been single, as in Birds and most Lizards. It

is of unusual length : beginning above by the pointed termination

wedged between the nasals, it expands to the fore part of the nostrils,

the sides of the bone there beginning to bend down at an open angle
• (nearly approaching a right one) with the upper surface ; this surface

maintains almost the same breadth to the alveolar border: it is
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traversed along its middle by a low ridge : the sides of the pre-

maxillary, in the present species, increase a little in depth as they

approach the alveolar border. This border, in front of the canine,

forms an open angle with the part of the border behind the canine,

the one passing into the other with a convex curve on the inner side

of the socket of that tooth.

The rami of the lower jaw augment in depth from the angle to the

symphysis, where they meet at an acute angle and are confluent. The
angle projects a verylittle way beyond the articidation ; it is continued

inward a short way, and is slightly bent down. The articular surface

is moderately concave,and looks obliquely upward and backward. The
elements of the posterior half of the ramus, answering to the articular,

angular, and surangular in lizards, are too closely compacted together

in the specimens under examination to permit an exact definition of

their limits. A thin vertical " splenial " plate, on the inner side of

the ramus, begins about an inch in advance of the angle, and extends

forward to the symphysis, at the back part of which it appears to be-

come confluent with its fellow. The part answering to the " angular "

diverges from the surangular, and forms the hind boundary of an

oblong vacuity at the middle of the side of the ramus, the fore part

of which vacuity is formed by a bifurcation of the dentary element

:

the fore part of the angular piece is continued forward between the

lower branch of the dentary and the splenial to the symphysis, where

it penetrates a fissure either in the dentary or between the dentary

and splenial : it forms the lower boundary of the vacuity at the

middle of the ramus. The upper boundary is formed by the upper

branch of the dentary, which overlaps the fore part of the surangular.

The dentary is thickened and strengthened by a ridge or rounded

rising, continued forward from the upper boundary of the fissure, and

subsiding at the vertical channel upon the side of the symphysis,

receiving the tusks when the mouth is closed. The symphysis of the

mandible (fig. 3 32) in both species of Ptychognathus is peculiarly

massive—broad, high, and thick. Anteriorly it is convex in every

direction ; it is bent or produced upward, terminating in a broad,

convex, subtrenchant or trenchant margin, and resembles the foro

part of the lower mandible of a Maccaw. The upward development

of tho fore end of the lower jaw is necessitated by the oblique

truncation of the premaxillary,—the mouth here opening obliquely

upward, as in some Fishes, giving a vory odd physiognomy to the

skull of PtifcliDi/ndihits.

The modification of the back part of the head of Ptychognathiu,

especially the great expansion due exclusively to the development of

ridges for augmenting the surface of attachment of muscles (for the

brain of tho cold-blooded reptile would need but a small spot of the

centre of the occipital plates for its protection), indicates the power

that was brought to bear upon the head as the framework in which

were strongly fixed the two large tusks. The power of resistance of

the cavities receiving the deeply implanted liases of the tusks was

increased by the ridges developed from the outer part of their hon v

wall.
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Ptychognathus verticalis, Ow. (PI. I fig. 2.)

The skull upon which this species is founded is about half the

size of the foregoing, from which it differs in the more vertical

position both of the occiput, the canines and their sockets, and the

premaxillary part of the skull.

The orbits, relatively larger than in the foregoing species (which
may be, however, an immature character), are oval in form, as in

Pt. declivis ; but the long axis is in the opposite direction, viz. from
above downward and backward.

The hind boundary of the orbit, formed by the postfrontal, curves

forward at its lower part to join the malar, leaving an entering angle

between it and the zygomatic part of the malar. The composition

of the cranium and lower jaw accords with that of the preceding

species. In the relative breadth of the almost flat interorbital plat-

form, the abrupt down-bending of the face, the small size of the

nostrils, the ridged canine sockets, and the general angularity of

the profile of the skull, the present species repeats the subgeneric

characters of the two foregoing kinds of Ptychognathus ; and they

are well-marked in comparison with those species of Dicynodon
proper (viz. D. testudiceps and D. strigiceps) which most resemble

the Ptychognathus verticalis in the relative position and direction of

the tusks. A vertical transverse section taken across the base of

these tusks shows their wide pulp-cavity at that part; the thin inner

wall of their alveoli encroaching upon the nasal cavity; the thin sep-

tum narium bifurcating below ; the absence of all trace of succes-

sional teeth where in such sections their germ is commonly seen

in other Saurians ; and the great thickness of the undivided facial

part of the premaxillary, forming the roof of the nasal passages.

The bony palate is entire from the premaxillary border to a little

beyond the sockets of the tusks : it presents the pair of short anterior

ridges and the longer and more prominent median ridge behind

these, answering to those in the palate of Dicynodon testudiceps.

Genus Oudenodon*, Bain.

Mr. Andrew G. Bain, the discoverer of the bidental Reptiles

of South Africa, in a letter published in ' The Eastern Province

Monthly Magazine ' (p. 10), Graham's Town, September 1856,
thus notices another form of fossil Reptile occurring in formations

of the same age, near Fort Beaufort :—" There were many skulls

entirely without teeth, which we at first thought had belonged to the

Chelonians or Turtles ; but afterwards, finding that the animals had
distinct narrow ribs, which Chelonians have not, we put them down
also for something new, and named them ' Oudenodons,' or tooth-

less animals."

Of this genus, Mr. Bain's collection, now transferred to the British

Museum, contains cranial evidences of two distinct species ; and a

third species is represented by an entire but somewhat crushed

cranium and lower jaw, in the collection transmitted in 1858 to the

British Museum by Governor Sir George Grey, G.C.B.

* From ovSeis, none, and oBovs, a tooth.
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Oudenodon Bainii, Ow. (PI. I. fig. 1.)

In this species the back part of the skull, greatly extended in

breadth by the expanse of the lamellifbrm sinuous masto-tym-

panics, inclines from above the occipital condyle upward and forward,

the superoccipital being continued into the parietal by a longitudinal

channel between the occipitotemporal crista?, whore the back part

passes into the upper part of the cranium.

The temporal fossa) are longer than they are broad, and are rela-

tively much longer and narrower than in the Ptychoynathus ; in this

respect Oudenodon more resembles Dicynodon: a relatively wider space

is left between the temporal ridges at the upper or parietal region of

the cranium. The zygoma is a long, rather slender, compressed bar,

with its upper border directly obliquely upward and outward, its

inner side obliquely upward and inward. The postfrontal bar

dividing the temporal fossa from the orbit is directed from within

outward, backward and slightly downward. The interorbital space

is narrower than the intertemporal one, so that the lower border of

the orbit has a more outward position than the upper one, and the

aspect of the orbits is very oblique, rather more upward than out-

ward. The profile of the face descends by a regular curve from the

upper to the fore part, which is nearly vertical,—the premaxillary

being continued more nearly to the level of the alveolar border of the

maxillary than in Ptychoynathus. There is a low tubercle upon the

prefrontal part of the orbital border ; and a somewhat larger tubercle

projects above the nostril. This cavity is relatively larger than in

Ptychoynathus decUvis ; and both premaxillary and maxillary are more

deeply notched to form its fore and under boundary : the nasal, pre-

frontal, and lacrymal complete that boundary. Below the middle of

the orbit a thick, smoothly rounded, vertical ridge projects from the

maxillary, in the position of the alveolus of the tusk in Pt.

verticalis ; but it rather suddenly subsides upon the alveolar border,

which is here entire and imperforate, forming simply a low obtuse

angular projec tion upon that border. Sections of fragments of Ouden-
odon have demonstrated this ridged part of the maxillary to be

solid, without the vestige of a germ of a tooth answering to the tusk

in Dicynodonts. The rest of the alveolar border, chiefly formed by

the promaxilhtry, is toothless and subtrenchant, as in the Dicynodon

t

reptiles
;
and, the lower jaw presenting the same structure, we have

in the present remarkable reptile an edentulous Saurian, as is the

/{hym Jiusaiirus of the New Red Sandstone of Shropshire.

The composition of the skull is essentially the same in Oml, nnd<m

as in Dicynodon; and the same aflinities may be predicated of it, with

such additional approach to Ch< Ionia as the total absence of teeth

may indicate. But the double nostril and well-ossified occiput demon-
strate the more essential Saurian aflinities of the genus.

Oml, a mil nt /troyiiathua, Ow.

As the former species of Omhnodon resembled the typical Dicyn-

«(/(*/< in the shortness id' the face and curvature of its contour, so tin
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present species resembles the Ptychognathus in the length of the face,

and more especially the Pt. declivis and Pt. latirostris in its direction

and in the relative position of the ridge representing the canine's

socket to the nostril. In Oudenodon Bainii this ridge is behind the

nostril ; in the present species it is beneath it, and is more horizontal

than vertical.

The orbits have the same oblique aspect, upward and outward, as

in Oud. Bainii, but their longitudinal exceeds their vertical diameter

;

the nostrils have a similar longitudinally oval shape, and are more
directly in advance of the orbit ; the supernarial tuberosity is rela-

tively larger. The maxillary ridge is more angular and more pro-

duced, besides being continued more obliquely forward. The corre-

spondingly produced and sloping part of the premaxillary is nearly

straight, and is strengthened, as in Ptychognathus, by a low median

obtuse ridge. The maxillary ridge subsides below, to the edentulous

alveolar border, rather more gradually than in Oudenodon Bainii, its

outer longitudinal contour forming a gentle convex curve ; these ridges

give a very peculiar feature to the present skull. The fore part of the

premaxillary does not descend so nearly to the level of the maxillary

alveolar process as in the Oudenodon Bainii, and consequently the

symphysis of the mandible is more produced and curved upward,which
is another feature of resemblance to Ptychognathus in the present

skull,—the depth of the symphysis here exceeding the same diameter

of the opposed fore part of the upperjaw. The symphysis is narrower

in proportion to its length than in Ptychognathus ; its fore part is

slightly produced along the middle line, resembling a low ridge. The
vacuity between the dentary and angular elements is long and
narrow ; it is overarched by a slight ridge.

Oudenodon Greyii, Ow.

A third species of Oudenodon, with maxillary ridges as in 0.

prognathus, has a less elongated cranium and temporal fossae, more
rounded orbits, and a narrower interorbital space. It forms part of

the collection transmitted by Sir George Grey, to whom the species

which it indicates is dedicated.

Hyoid apparatus of Oudenodon. (PI. III. fig. 5.)

In an obliquely crushed specimen of the skull with the lower jaw
of the Oudenodon Greyii there are several bones, constituting a

symmetrical apparatus in the position of the hyoid, beneath and
between the rami of the lower jaw, where they are evidently in

advance and rather to one side of their proper position. The hind-

most, on the middle line (fig. 5 43), is best preserved. It is broad,

flat, and very thin, of a symmetrical semicircular form, with a pro-

duction like a stem from the middle of the straight side, which is

directed forward. This stem is partly underlapped by the median
end of a pair of long, narrow, flattened bones (ib. 45), which proceed

transversely outward, slightly expanding to that end. Their anterior

border is straight, the posterior border is slightly concave.
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To the outer end of each of these bones seems to have been con-

nected or articulated a long slender bone (ib. 46), with a slight

sigmoid curve, directed backward. The following appear to be the

homologies of the foregoing bones. The median and most posterior

of them is the uro-hyal, no. 43. The transverse pair answer to the

hindmost pair, a a, in the hyoid of the Tortoise, figured by Cuvier*

in the ' Ossemens Fossiles,' 4to, torn. v. pt. ii. pi. 12. fig. 42 (my
" basibranchial," no. 45). The longitudinal pair appended to them
answer to c c in the same figure (my " hypobranchials," no. 46-f).

In advance of the left basibranchial is a flattened broad lanielli-

form bone with the fore and hind borders convex, the outer and
inner ones concave ; but the median or inner border of this plate

is not entire. The bone in question may be either a median sym-
metrical piece, like the uro-hyal, but displaced ; or it may be the left

of a pair of plates, answering in that case to the middle pair, a a,

in the above-cited figure of the hyoid of the tortoise. I incline to

the latter opinion, and believe it to be the half of abasi-hyal, no. 41,

divided in the median line.

To the outer concavity of this bone has been attached the end of

a long and strong bone, flattened and gradually expanded at both

ends ; it is directed outward and backward. It is a large and strong

cerato-hyal, no. 40, and is double the length of the hypobranchial or

posterior " cornu."

The lower jaw in the skull, showing the above-described hyoid

apparatus, is 4-A- inches long. The length of the cerato-hyal is Sc-

inches : that of the hypobranchial is 2i inches. The length of the

uro-hyal, 4, is 1 inch ; its breadth is nearly the same.

At the fore part of this lower jawr the intercalation of the fore end
of the angular element (31) between the splenial (32) and dentary (33)

is well shown.

In the Crocodilians there is a broad cartilaginous basi-byal

suspended by a pair of strong bony cerato-hyals ; but there are no
distinct thyro-hyals (hypobranchials), nor any uro-hyals.

In Lacertians there arc both cerato- and thyro-hyals ; and in

some genera of Iguanians and Lizards proper (Lacerta, Cuv. ) there

is a long and slender bifurcated uro-hyal or pair of uro-hyals. The
thyro-hyals are not supported on distinct bones, answering to the

basibranchials, j.
r
>.

In Chclonians the uro-hyal is wanting ; but in some species (Tes-

titifo 1 Ii ji/idiilajjii.t) the thvro-hyals or hypobranchials arc articulated

to a pair of bones answering to the basibranchials in Fishes, which
diverge from each other to form those articulations.

In Oni/inn(/i)ii, and probably also in Din/miifnii, the typo of the

hyoid apparatus conforms most with that in the L'/tt Ionia, but coin-

bines therewith certain Lacertian characters.

In the composition and general form of the skull Owtcnodon
so closely resembles D'u ijiKnltiii and I'ti/thnifnaffws as to indicate a

general family relationship. Viewing, indeed, the ridged indication

* Archetype of the Vertebrate Skeleton. Hvo. |>. 118

.

t Ib. p 71.
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of the sockets of the pair of upper canines in Oudenodon (PL I.

fig. 1 21 ), the surmise is suggested whether the species of this genus

may not originally have possessed tusks, which after being shed had
not been replaced, leaving the cavity of the sockets to absorption and

obliteration. Or it might be asked whether the Oudenodons may
not be the females of Dicynodons, in which, as in the Narwhal,

rudimental tusks may have been originally hidden in the substance

of the ridged tracts of the upper jaw, and afterwards absorbed.

Hitherto, however, I have not met with species of Dicynodon or

Ptycliognathus sufficiently resembling any Oudenodon in cranial

characters to support their ascription to the same species with merely

the sexual difference in respect to tusks.

The following are admeasurements of some of the skulls of the

Dicynodont Reptiles above described :

—

Length of skull

Breadth of occiput

intertemporal space

.

interorbital space

between the superorbital

protuberances

,

orbits

across middle of alveoli

of tusks

internasal space

each temporal fossa...

Length of each temporal fossa

the orbit

part of premaxillary .

.

Long diameter of orbit .

.

nostril

Greatest breadth of bony palate.

Oudenodon

Bainii.
progna-
thus.

Greyi.

in. lin. in. lin. in. lin.

6 5

5 6
1 2

11

1 2
1 1

10
9

1 6 1 10 1 3

2 8 2 10

9
1 4
2 6

9 8

3 10

2 3
1 8

11

1 6

2 8
1 9

8

2 4

Ptychognathus

declivis.

in. lin.

8

6 4
1 2
2 8

3 6

3 10

2 8
1 3
2 6
2 3

2 4

3 9
2 2

11

1 5

latiros-

tris.

in. lin,

8 6

4

3 6

2 7

verti-

calis.

in. lin.

5
3 6

11

1 10

2 6

2 8

2 3
10

1 9
1 9

2 3

Genus Galesattrus, Ow.*

Ocdesaurus planiceps, Ow. (PI. II.)

The shape of the skull on which the above genus and species are

founded is that of a narrow spade on playing-cards, the occipital

condyle forming the handle: it measures 3|- inches "in length and
2 inches 9 lines in extreme breadth across the zygomatic arches ; but

its greatest depth, including the lower jaw, does not exceed an inch;

and this diameter varies very little, the upper surface of the skull

being unusually flat and level.

* From yaXtj, a weasel, and travpof, a lizard.
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The occipital plane is singularly inclined from below upward and
forward, and that of the occipital foramen (fig. 3 /) partakes of the

same inclination, the condyle (figs. 2 & 3 y) being much produced

behind and beyond the upper border of the foramen. The shape of

the occipital surface, which is completely or continuously ossified, is

triangular, bounded laterally by a pair of strongly developed sharp

ridges, converging upward and forming the boundary between the

occipital (2, 3) and temporal (t) fossae. The occipital surface may be

called a "fossa" from its concavity ; but the surface is undulated by a

median and two lateral slight convexities along lines radiating from

the foramen magnum.
The parietal crest (fig. 3 7), advancing from the angular summit

of the occipital ridge, bifurcates to surround an elliptical " foramen

parietale;" and the divisions thence gradually diverge to the post-

frontal (p>). The tympanic (-2h) is a broad deep plate of bone, convex

outwardly ; it extends outward and forward from the lower part of

the occipital ridge, formed by the mastoid (h) and paroccipital ()).

The zygomatic arch is continued forward from the tympanic

(fig. 1 2s), a little decreasing in depth, to the postorbital boundary (2c).

The temporal fossa (fig. 3 t) is very wide, and is of a rhomboidal

figure, the antero-lateral boundary being parallel with the occipital

ridge, and the postero-lateral boundary being parallel with the in-

ternal or cranial boundary. The long diameter of the fossa is 1 inch

3 lines ; its short diameter is 1 inch ; from the front to the hind

angle the fossa measures 1 inch 6 lines ; the breadth of the cranium

between the fossae is 6 lines.

The orbits are of a subtriangular form, with the corners rounded

off : their aspect is more upward than outward : their long diameter

is 6 lines : the breadth of the upper interorbital space is 9 lines.

The suture between the frontals and nasals is parallel with the fore

part of the orbits. The post- (12) and pre- (n) frontals unite above

the orbit, and contribute a narrow tract to each side of the interor-

bital space : this space is flat. The nasals are flat : the rounded

angles by which the upper surface passes into the vertical side-sur-

face of the facial part of the skull are formed by the maxillaries.

The nostril (figs. 1 & 2 n), is single, terminal, and vertical ; it is

bounded laterally by short premaxillaries.

The most interesting peculiarity in the skull is the well-marked

definition from the other teeth, by a contracted superiority of size,

of an upper and lower canine tooth on each side, having the same
position in the skull and relative position to each other as in the

carnivorous mammals. In no other Saurian are incisors so divided

from molars by a single canine ; in none is such definition of the

three kinds of teeth so plain and unequivocal.

The premaxillaries contain each four equal-sized teeth with simple

conical crowns, 2 lines in length, sloping a little forward from the

vertical position, and passing in front of the lower incisors w hen the

mouth is shut. The eight lower incisors aro narrower, but have

about the same length of crown. Hoth upper and lower i in isors are

arranged in contact, or close order, as in Mammals.
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The lower canine (figs. 1 & 2 c') is subcompressed, very slightly

recurved, 9 lines in length, 2 lines in breadth. The projecting crown
is 5-i- lines long ; the implanted base is 3|- lines long : this extends

very close to the lower margin of the mandible and becomes a little

contracted there, but shows a short conical pulp -cavity, without any
trace of the germ of a successor. It closely resembles the completely

formed canine of a mammalian carnivore, in shape, structure, im-
plantation, and direction.

The upper canine (ib. c) is larger; two-thirds of the tooth are

preserved on the right side (fig. 2) ; the inner wall of the socket is

shown on the left side (fig. 1 c). In shape this tooth resembles the

lower canine : its greatest breadth is nearly 3 lines, its length seems

not to have been less than 11 lines : it crossed the lower canines

obliquely, its socket being more backward and outward in position
;

and while the points of the lower canines a little diverged from each

other, those of the upper ones slightly converged. The socket of

the upper canine extends close to the upper surface of the skull, and
even causes a slight prominence on that part of the maxillary, close

to its suture with the nasal. The depth of the implanted part of

the upper canine is 7 lines. There is no trace of a recess for a suc-

cessional tooth at the base of the inner wall of the socket (c, fig. 1).

Twelve close-set, conical, subcompressed teeth succeed the lower

canine, their protruded crowns becoming shorter, and their implanted

bases longer, as they recede in position. A thin layer of bone imme-
diately surrounding the simple base of each molar tooth has a brick-

red colour, as if retaining a stain from the hematosine of the vascular

alveolar fining membrane ; the exposed socket of the upper canine

presents the same colour ; the other parts of the fossil bone are grey.

The upper molars passed external to the lower ones when the mouth
was shut. The "symphysis mandibulae " is very short. The rami

diverge from the linear trace of junction, at an acute angle, straight

to the articular end. The length of each ramus from the lower and
back part of the symphysis is 2 inches 8 lines. The receding
" mentum " is 6 lines long : the depth of the ramus below the first

molar is 4| fines ; it gradually increases to 6 fines below the last

molar.

There is a series of small vascular foramina above the alveolar

border of the upperjaw; and indications of the same saurian character

are discernible in parts of the lower jaw.

The reptilian nature of the above-described skull is shown by its

single occipital condyle, and by the complex " frontal bone " ; its

crocodilian affinities by its terminal single nostril. The more gene-

ralized saurian character is exemplified by the large temporal fossae

and the " foramen parietale" ; whilst a most singular and suggestive

approach to the mammalian class is made in the above-described

characters of the dentition.

The predominance of the canines, their seemingwant of successors

—

the certain absence, at least, of such evidence as would have appeared

had the canines been subject to the ordinary law of saurian dentition

—

point to at least an analogical relationship with the Dicynodonts

;
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the structure of the occipital region of the skull also conforms to the

type of those singular South African reptiles. The hreadth and

flatness of the skull and the proportions of the orbits and temporal

fossae recall the proportions of Simosawrus amongst the peculiar sau-

rians of the triassic deposits of Germany.
The original (from the Ehenosterberg) was transmitted to the

British Museum by Governor Sir George Grey, K.C.B.

Genus CrxocnAirpsA*, Ow.

Ci/nocharrvpsa laniarius, Ow. (PI. III. figs. 1-4.)

This genus and species are indicated by the extremity of the upper
and lower jaws (figured in PI. III. figs. 1-4), from the same locality as

Galesaurus, and forming part of the same collection transmitted by
Governor Sir George Grey, K.C.B. Sufficient of the jaw is preserved

to show that it must have terminated in a more or less produced

narrow muzzle, which, including the under jaw, would present a

subcylindrical transverse section, as in the Gavial and Teleosaur:

but a close-set series of small and similarly sized incisor teeth are sepa-

rated from the rest of the dentition by a pair of upper and a pair of

lower canines, as well contrasted by their superiorit}' of size as in

Galesaurus. Instead, however, of these canines being immediately

followed by small molar teeth, there was a toothless space extending

at least as far as the upper jaw has been preserved on the fossil under
description ; and this space equals at least twice the breadth of the

crown of the upper canine.

The upper incisors are ten in number (five in each prcmaxillary

bone), conical, with a .subcylindrical base. The lower incisors, of

similar size and shape, appear to have been eight in number. Both
upper incisors and canines overlapped those teeth in the lower jaw
when the mouth was shut. The crowns of the upper canines and
the implanted roots of the lower ones have been broken across, ex-
posing the pulp-cavity, as is shown in looking upon the fossil from
below, as in fig. 4 c, c

1

; and the lower canines arc a little in advance

of the upper ones. The relative positions of the incisors and canines

were nearly the same as in Galeci/nus ; the crowns of the lower

canines were perhaps more completely concealed when the month
was shut. The nostril is single, terminal, of a transversely oval

shape, with the plane of its outlet inclined from above down-
ward and forward. The aperture is hounded by the preruaxillaries

(tig. '.I n) below and at the sides, and by the nasals (ib. is) above.

The extremity of the upper jaw, pierced by the nostril, is slightly

expanded, as in the Teleosiiur, hut in a less degree than in the Gavial.

In a collection of fossil remains from the Drakenberg Mountain,
near Harrisnuth. Cape of Good Hope, transmitted in I

^">1 by Joseph
Millard Orpen, Ksq., Government-Surveyor of that Colony, and de-

scribed in the 'Catalogue of the Fossil Organic Remains of Keptilia

* From kvuiv, a flop; ami \afi\lxii. I 1h> K^yptiiin nanii' for the rivcodi!.'.

applied l>v Warner to the Indian (iavial.
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and Pisces ' in the Museum of the Royal College of Surgeons, 4to,

1854, pp. 97-106, there is a specimen, consisting of a portion,

2| inches in length, of a symmetrical pair of bones, each of a sub-
trihedral form, and joined together by the flattest of their sides. The
description which I then gave of this fossil is as follows :

—" Each
bone increases in vertical, and decreases, but in a less degree, in

transverse extent, the bones becoming more closely and extensively

united together as they extend forward. Posteriorly, each bone is

grooved near the middle of its inner flattened side, the grooves, when
coadapted, forming a canal answering to that in a similar position

on the elongated symphysial part of the lower jaw of the Gavial. At
the opposite end of the fragment this canal is reduced to a fissure.

The groove which divides the two bones, both above and below, at

the back part of the fragment, contracts to a linear fissure as the

bones advance and become more united together. The result of an
extensive series of comparisons is, that the symmetrical bones in this

remarkable fossil most resemble in shape the coadapted elongated

dentary elements of the lower jaw of the Gavial and Teleosaurus : but
they show no traces of alveoli, and, if they be parts of those bones,

indicate a reptile either edentulous or with the teeth confined to

the anterior extremity of the jaw "
(p. 106).

The subsequent discovery of the fore end of the jaw of the Gavial-

like reptile Cynochampsa adds to the probability of the above con-

jecture.

Yertebrse of Saurians from the same deposits of the Drakenberg
afforded characters of the genera Massospondylus, Pachyspondylus,

and Leptospondylus, which characters are given in detail in the

volume above cited, and were further illustrated by figures and dia-

grams in my Lectures on Fossil Reptilia, delivered at the Museum of

Practical Geology in 1858.

EXPLANATION OF PLATES I. II. & III.

Illustrative of Eeptilian Eemains from South Africa.

PLATE I.

Side view of the skull of Oudenodon Bainii, one-half nat. size. [In the

British Museum.]
Side view of the skull of Ptychognathus verticalis, one-half nat. size.

[In the British Museum.]
Side view of the skull of Ptychognathus declivis, one-half nat. size.

Back view of the skull of Ft. declivis, one-third nat. size.

Top view of the cranium of Pt. declivis, one-third nat. size. [In the British

Museum. Some distorted and dislocated parts have been restored in the

figures ; the letters and figures are explained in the text.]

PLATE II.

Side view of the skull of Galesaurus planice/ps, showing the socket and
part of the base of the upper canine, c, and the lower incisors.

Opposite side of the same skull, showing the base of the upper canine, c,

in situ, and the upper incisors.

Upper view of the same skull.

Back view of the same skull.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.
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Fig. 5. Under view of the same skull. [All the figures are of the natural size :

the original is in the British Museum ; the letters and figures are ex-

plained in the text.]

PLATE EEL

Fig. 1. Side view of the fore end of the skull of C//nochampsa laniarius.

Fig. 2. Front view of the same.

Fig. 3. Upper view of the same.

Fig. 4. Under view of the same, showing the bodies and pulp-cavities of the

fractured upper and lower canines, nat. size. [Original in the British

Museum.]
Fig. 5. Under view of part of the skull, with the hyoidean arch and appendages,

of Oudenodon, nat. size. [The original is in the British Museum ; the

letters and figures are explained in the text.]

2. On the South-easterly Attenuation of the Lower Secondary
Formations of England ; and the probable Depth of the Coal-
measures under Oxfordshire and Northamptonshire.

By Edward Hull, Esq., A.B., E.G.S., of the Geological Survey of

Great Britain.

[Plate IV.]

Contexts.

§ 1. Introductory remarks on Mr. R. Godwin-Austen's theory, and on the

Formations of the Franco-Belgian Coal-field.
"

§ 2. Distribution of the Lower Permian Rocks of Central England.
A. Shore of the Lower Permian basin.

§ 3. South-easterly Attenuation of the Lower Secondary Rocks :

—

1. The Trias.

A. Bunter Sandstone.

B. Lower Keuper Sandstone.

C. Red Marl.
2. Claims of the Trias to more consideration from Geologists.

3. The Lias ; connexion of its three members, and their range and limit.

A. Lower Lias.

B. Marlstonr.

C. Upper Lias.

4. The Inferior Oolite ; its attenuation.

5. The Fuller's Earth.

6. The Great Oolite ; its Lower and Upper Zones, and their comparative
range.

§ 4. Extension of the Coal-measures under Oxfordshire and Northampton -

shire, from Warwickshire to the Valley of the Thames.

§ 5. Physical Geography of the Trias.

A. Kvideni i- of land in the North Atlantic area during the Newer
Palicozoie and Older Secondary Periods.

B. Subaerial conditions in the British area during the formation
of the Muschelknlk of Germany.

C. Unconformity of the Bunter and Keuper Formations.
/>. Causes of Variation* in the Persistency of Strata.

£ ti. Probable South-easterly Attenuation of the Carboniferous Series.

§ 7. General Conclusions.

$ 1. Introduction.—The present is. perhaps. :i fitting occasion for

submitting to the notice of the Society the following ideas ivi;:irding

the extension of the Lower Secondary Rocks in the direction off the
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Thames Valley, as the focus of my remarks lies in the district of

Oxfordshire, with the geological structure of which our learned

President is so intimately acquainted.

My way has been, to a certain extent, prepared by the elaborate

Essay " On the possible Extension of the Coal-measures beneath the

South-eastern Part of England, " by Mr. Godwin-Austen, commu-
nicated to this Society*. This essay and the researches of Mr. Prest-

wich have excited much interest regarding the rocks which underlie

the Cretaceous and Oolitic formations. It is with the object of

throwing some further light on this important subject that the

following observations and deductions have been drawn up.

It is almost unnecessary to reiterate here what is now so fully

understood, from the researches of D'Archiac, Bozet, Prestwich, and
especially of Godwin-Austen, that along the line of the Franco-
Belgian Coal-field the Cretaceous and Nummulitic rocks repose on
the highly inclined edges of the Palaeozoic Eocks without the inter-

vention of those of the Lower Secondary periods. Iu the district of

the Bas-Boulonnais similar phaenomena are observable ; but we learn

from the memoir of M. Bozet that strata referred to the Great Oolite

abut against the northern flank of the Palaeozoic range and rest on

a bed of Carboniferous Bocks f.

Adopting the theory of Mr. Austen regarding the extension of the

Palaeozoic axis of elevation under the Thames VaUey, I do not, how-
ever, consider that the entire absence of all the intervening formations

between the Great Oolite and the Coal-measures is to be attributed

altogether to the presence of this old coast-line, but to other causes

to be hereafter stated. I shall endeavour to show that all these

formations decrease in thickness, as they approach the south-east of
England, from the failure of sediment, in the manner of deposits

forming at the mouths of large rivers.

I also propose to inquire whether the Uppermost Palaeozoic rocks,

namely the Coal-measures and Permian deposits, are regulated in

their distribution upon a similar physical plan ; or whether they may
not have a much wider range, and extend into districts where many
of the more recent formations cease.

Lastly, whether there are not reasons for concluding that under
certain districts of Oxford and Northampton the Coal-measures lie

at available depths below the surface, owing to the thinning away
of the Lower Secondary rocks.

§ 2. Distribution of the Lower Permian Beds of Central England.
—TTpon comparing the Lower Secondary with the Uppermost Pa-
laeozoic formations, we discover a very marked difference in their

distributions. We find the Bunter-Schiefer and Zechstein appearing

only in the north-eastern districts of England, and the Eothe-todte-

liegende confined principally to the central counties and Salop ; while

the Trias is most fully developed towards the north-west.

Beferring to the works of Sedgwick J, Murchison§, Bamsay||,

* Quart. Journ. Geol. Soc. vol. xi. p. 533.

f Rozet. ' Description Geognostique du Bassin du Bas-Boulonnais.'

\ Trans. Geol. Soc. 2nd Series, vol. iii. § ' Siluria,' new edit.

||
Quart. Journ. Geol. Soc. vol. xi. p. 185.



1859.] HULL THIXXIXG-OUT OF THE SECONDARY ROCKS. 65

and other authors for descriptions of these rocks, I proceed to make
some observations on the topographical distribution of the Lower
Permian rocks or Pothe-todte-liegende.

The red and purple sandstones, marls, and brecciated conglomerates

of which the Lower Permian formation is composed, attain their

greatest development along a band of country stretching from west

to east, including parts of the counties of Salop, Worcester, Stafford,

and Warwick ; while in the north-west districts of Cheshire, where
the Trias has been deposited in great force, the Permian rocks are

but sparingly represented.

I beg to call particular attention to this fact, because it shows how
great has been the break in the order of succession, in consequence

of considerable changes in the distribution of land and sea between
the Palaeozoic and Mesozoic epochs.

From sections published by the Geological Survey, traversing the

Permian rocks of Enville in Salop, the thickness of the formation has

been found not less than 1700 feet*. On both sides of the South
Staffordshire Coal-field, the thickness is probably not less than this ;

and Mr. Howell's estimate of the maximum depth of the large mass
of these red rocks in the neighbourhood of Coventry is 1800 feetf.

The north-eastern limit of the formation appears to skirt the southern

edge of the Leicestershire Coal-field ; thence trending along a north-

west line, it crosses the centre of the North Staftbrdshire Coal-field

;

from thence it may be traced at intervals northward into Scotland X-

Its westerly limit is the Denbighshire Coal-field. Its southern limit

is not so easily defined, and this fact forms a most seiious question in

speculating upon the descending series of rocks which underlie the

districts of Oxfordshire and Northamptonshire. It would be a sub-

ject for small congratulation if, on sinking for coal over these districts,

it shoidd be found that while the Lower Mesozoic rocks had become
comparatively thin, the Permian formation existed in great force

beneath. As Mr. Godwin- Austen has truly stated, such questions, in

tlw aliM iico of direct experiment, can be solved only by a restoration

of the land-surfaces and coasts of the period ; and, we may add, by a

knowledge of the sources from which the sedimentary materials have
been derived.

A. Dixtrihiitinn of Land and Sea at the Lower Permian Period.—
There is the strongest evidence for believing that there was a much
larger extent of land-surface during the fonnation of the Permian
rocks than during that of the Trias. Professor Ramsay § has

demonstrated with, it appeal's to me, great probability, that the

breccias which occupy a central position in the Rothe-liegende of

Salop and Worcester are the ice-drifted drhris of sub-aerial regions of

the Longmynd and adjacent Silurian ranges. The Alborbury breccia
||

* Horizontal Sections, Sheet f>3.

t Horizontal Sections of the Geological Survey. Sheet 51.

J
See Mr. Hinney, " On the Permian beds of the North-we-t of Kngland," Mem.

Lit.& Phil.Nxv Manchester. | s.V>. Al-<> Prof. Sedgwick, Trans. Gcol.tJoc. - scr.vol.iv.

§ Quart. Journ. Geol. Soc. vol. xi. p. 18.">.

|| See ' Silurian System, ' p. 4S 4'.t, where the author traces the origin of some of

the fragments of the hreecia t<> certain freshwater limestones of the t 'oal-measures.
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is certainly the remnant of a shingle-beach, formed at the base

of the Carboniferous Limestone ridge at the southern termination

of the Denbighshire Coal-field; and the limestone-conglomerates

which we find at intervals (in a zone lower than the trappoid breccia)

over the whole of the Midland Counties are representatives of this

shingle-beach. It is also to be noticed, that there is a strong litho-

logical resemblance between the Old Red Sandstone of Herefordshire

and Salop and the neighbouring Permian rocks ; and I have long

entertained the idea that the Lower Permian of the western districts

is to a great extent a re-formation of the Old Red Sandstone, which

once had a more extended range than at present, as is testified

by the outlying masses capping the Ludlow rocks of Salop and

Radnor. It would, therefore, seem that at the commencement of

the Permian age the coast-line extended from the Abberley range

northwards along a line nearly corresponding to the present limits

of the Lower Carboniferous and Silurian rocks of Wales and Salop.

From the Flmtshire Coal-field eastward to that of North Stafford-

shire, there probably existed a channel deepening towards the centre,

and forming a basin for the Permian deposits in the direction of

Lancashire. The axis of elevation of the Carboniferous range of the

Penine chain continued along the borders of Charnwood Forest

;

and, considerably east of the present edge of the Warwickshire Coal-

field, formed the land towards the north-east ; and upon the pro-

longation of this barrier, which seems to stretch in a E.S.E. direction,

depends the existence of the Lower Permian rocks under Northamp-
tonshire*.

Considering the great thickness of the Permian rocks in War-
wickshire, it is improbable that they have been formed altogether

of the Older Palaeozoic rocks of Wales and Salop. The bed of cal-

careous conglomerate, which occupies a nearly central position, is

composed of pebbles of Carboniferous Limestone and Silurian rocks,

and indicates the proximity of land. The rocks of Charnwood
Forest may possibly be a portion of the western prolongation of that

Palseozoic dry land which, according to Mr. Godwin-Austen, occupied

the German Ocean at this period. If so, the Lower Permian strata

would appear to have been accumulated within a comparatively

narrow channel or longitudinal basin, the axis of which stretched

from the valley of the Eden towards the south-east, in which
direction the channel became wider. The western border trended

due south towards the Bristol Channel ; and the eastern probably

curved round towards the German Ocean f. We cannot with cer-

* It should be here stated that, as the Warwickshire Coal-field has been thrown
up along its north-east edge by a fault of considerable magnitude, there is every
probability that both Permian rocks and Coal-measures exist to the N.E. of this

fault, extending to the barrier, which may be considered as indicated by the
trappean bosses of Stoney Stanton.

f Both Mr. Godwin-Austen and Mr. Sorby, from independent data, have shown
the probability of land having existed during a portion of the Upper Palaeozoic
and Mesozoic periods over the area occupied by the German Ocean ; and in this

view the author concurs, from considerations connected with the distribution of the
Permian rocks.
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tainty define the southern limit of the formation under the districts

of OxWdshire and Northamptonshire ; but, recollecting the absence of

these rocks below the Chalk near London, Boulogne, and the Franco-

Belgian Coal-field, it is probable that they become attenuated south-

wardly from Warwickshire. From considerations founded on current-

structures, Mr. Sorby seems to have arrived at a similar conclusion.

§ 3. South-Easterly Attenuation of the Lower Secondary Rocks.

1. The Trias.—A. Bunter Sandstone.—Our inquiries commence
with this formation, which introduces the Mesozoic Series, and
rests unconformably on all the rocks of Palaeozoic age. Attaining

its highest development towards the north-west, it composes the

plains of Cheshire and Lancashire ; it fills the beds of old Palaeozoic

valleys, as those of the Eden, the Clewyd, and Belfast Lough ; and
from its position along the sea-coasts of Ireland, the Isle of Man,
North Wales, Lancashire, and Cumberland, it probably forms a large

portion of the bed of the Irish Sea.

It is, however, only recently, since the detailed examination

carried out by the officers of the Geological Survey, that anything

like a just estimate of the stratigraphical importance of this forma-

tion has been arrived at. It has been classified into three subdi-

visions, sufficiently marked to enable us to compute the depth of the

formation in any given district, and such as allows us in the present

inquiry to arrive at definite results.

From a section across the plain of Chester, and Delamere Forest,

we obtain the following vertical measurement of these subdivisions in

this district*.

Bunter Sandstone, Cheshire. North-rvest District.

3. Upper mottled Sandstone 700 ft.

2. Conglomerate-beds 750
1 . Lower mottled Sandstone 700

Total thickness 2150

The general succession of the Trias in North-west Cheshire is

shown in PI. IV. fig. 2.

A fow miles further south, at Holt, another section gives the

thickness of the Bunter Sandstone at 1600 feet ; and a third, across

Hridgcnorth, in Salop, shows nearly the same result.

Now, whenever we follow these beds eastward, from their furthest

western outcrop, we invariably find that they decrease in thickness ;

some of the subdivisions more rapidly than others. In the counties

of Derby, Stafford, Leicester, and Warwick, the 1st and 3rd sub-

divisions are generally absent, or only sparingly represented. The
Conglomerate-beds predominate frequently where the other sub-

divisions have disappeared ; hut when we cross to the eastern

borders of the Lcieester.-hire and Warwickshire Coal-fields, this most
constant subdivision thins away. We find the Lower Kcuper
Sandstone listing directly on the Coal-measures at Ashhy, and

* Horizon. Sect of the Gcol. Survey. Sluvt 43.

F 2
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Coleorton in Leicestershire, and on the Permian Rocks further south

at"Warwick,—the whole ofthe Bunter Sandstone having consequently

thinned out.

B. Keuper.—"We now proceed to trace the range of the Keuper,
under its two principal subdivisions—the Lower Keuper Sandstone,

and Bed Marl. The former of these is frequently introduced by a

band of hard calcareous breccia, with laminated red shales, which
is succeeded by evenly bedded ripple-marked sandstones and marls

(called " Waterstones" by Mr. Ormerod*). In Cheshire and Lan-
cashire, the Lower Keuper Sandstone reaches a thickness of 450
feet, forming the scarped ranges of the Buncorn, Delamere, and
Peckforton Hills. These beds have been traced on the maps of the

Geological Survey over the western and central counties
;
and, as a

general rule, they are found to decrease in thickness in proportion

as they approach the South-eastern counties. Around the skirts of the

Leicestershire Coal-field this subdivision has a general thickness of

200 feet; and over the centre and the eastern side it rests immediately

on the Coal-measures, without the intervention of the Bunter Sand-
stone. The district around "Warwick is that along which it becomes
most rapidily attenuated, and where it is on the point of being

ultimately concealed by the Bed Marl. As in the ease of the

Leicestershire Coal-field, the Lower Keuper Sandstone is here the

most ancient member of the Trias, and I am informed by Mr.
Howell, of the Geological Survey, that its thickness may be esti-

mated at not more than 150 feet.

Comparing, then, the thickness of this subformation where it is

visible for the last time towards the south-east with that which it

assumes in "West Cheshire, we find that it has decreased by two-
thirds in its extension from the one locality to the other ; the hori-

zontal distance being 85 miles. Now, if this decrease continues in

the same proportion, the whole subformation ought to disappear

several miles N/W. of Oxford f (Plate IY. figs. 2, 3, 4).

C. Bed Marl.—The thickness of the Bed Marl in Cheshire has

been much under-estimated. From considerations connected with
the depths of the salt-beds, Mr. Ormerod estimates it at more than

700 feet J ; but I feel sure he will allow that these data can scarcely

afford even an approximate computation, as we are still uncertain

of the nature of the beds which underlie the salt-rocks, and of the

position of those through which the shafts have been sunk at

Northwich.

A very perfect section along the banks of a brook (without a

name in the Ordnance Map), three miles south of Malpas, although it

does not extend nearly to the top of the formation, shows the Bed
Marl to be of much greater thickness than it is generally considered.

The beds, consisting of fine laminated red and grey shales, may be

* Quart. Journ. Geol. Soc. vol. iv.

t Maps of the Geol. Survey, 53 N.W.—63 S.W.

{ Quart. Journ. Geol. Soc. vol. iv. p. 288. For local descriptions of the

Triassic Rocks of Cheshire and Lancashire, see the Memoirs of Messrs. Binney,
Ormerod, J. Cunningham, and R. Rawlinson in the Journal of the Geological

Society.
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traced for a distance of two miles, with an average dip of 15° to the

S.E. From this section alone a thickness of 2300 feet may be

estimated
;
and, judging from the interval between the point where

the section ceases and the Lias boundary at Whitchurch, the

thickness must be much greater. From various comparisons it

appears probable that from 3000 to 3500 feet is not an over-

estimate. Now, in Staffordshire, Leicestershire, and the central

districts generally, the Eed Marl does not exceed a thickness of

600 or 700 feet, showing a great decrease towards the S.E. from

Cheshire (Plate IV. figs. 2, 3).

The direction of maximum attenuation, however, is along a line

drawn S.E. from the Estuary of the Dee, and passing near Nant-

wich, Stafford, and Warwick, beyond which the formation is lost

below the Lias. If we put down as the thickness at each of these

places respectively, 3000, 700, and 400 feet, we shall have probably

a just conception of the rapid thinning-out of these beds ; and

it therefore appears by no means improbable that even this great

argillaceous series is extremely thin, or altogether absent, in Oxford-

shire and Northamptonshire.

If, then, we compare the section of the Trias, as it occurs in

Cheshire and East Warwick, we find the following result:

—

feet.

fRed Marl 3000
Cheshire < Lower Keuper Sandstone 450

[ Bunter Sandstone 2150

Total 5600

fRed Marl 400
East Warwickshire < Lower Keuper Sandstone 200

( Bunter Sandstone absent

Total . 600

In other words, the formation is ten times thicker in the former

than in the latter county.

2. Claim of the Trias to Consideration.—A formation which attains

so great a development deserves, I think, a larger share of attention

than it has yet received from geologists. There are few groups which,

in the almost entire absence of fossils, have so strongly stamped upon

them the impressions of varying physical changes during their

growth. We find in it stages which have been strongly influenced

by current-action, and others of apparent tranquillity. We find

shingle-beaches, some traceable to their coast-lines, and conglo-

merates which have been drifted from regions comparatively remote.

Its structure, however, presents phenomena of much interest to

the physical geologist. It is frequently traversed by systems of

faults, which, in the form of escarpments, ridges, and valleys, have

left their marks in the configuration of the surface* ; and no person

* In many districts of Cheshire, Salop, and Staffordshire, the co-ordinate lines

of fracture, with their cross-frai l ures, may be very readily traced In the features
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who has visited the districts of Alton, Cheadle, and Trentham,

or climbed the escarpments of the Hawkestone, Peckforton, and

Runcorn ranges, can deny to the New Red Sandstone an amount
of scenic power almost comparable with that of the Oolites of

Gloucestershire

.

3. Lias.—A. Lower Lias.—We have not, unfortunately, the same
facilities for making comparisons of the development of the Lower
Lias in the Western and Eastern Districts. With the exception of

the outlier at Prees in Shropshire, and a newly discovered area of

the same formation near Carlisle*, we have no districts of com-
parison

;
and, as these do not present us with the whole ascending

series, they are useless for our purpose. I therefore propose to

treat this formation by analogy. It must be allowed that there

is a close connexion between the Lower, Middle, and Upper
Lias formations. As far as we can judge, the strata are strictly

conformable. There are no breaks greater than between different

subdivisions of the Inferior Oolite. There is a generic community
of the fauna ; and the mineral characters of the series are re-

peated at intervals throughout. We are, therefore, justified in

supposing that all the Liassic formations of central England
have had their origin from the same sources and under similar

physical conditions, and are therefore equally subject to attenua-

tion when receding from those sources. If, therefore, it can be

shown that there is a tendency on the part of the Marlstone and
Upper Lias to thin away towards the south-east, and that this at-

tenuation takes place within the range of actual observation, there

will be strong grounds for inferring a similar propensity on the part

of the Lower Lias ; at least, it is upon these grounds that I base

the analogy. When we come to consider, in a subsequent part of

this paper, how strong are the reasons for believing that all these

formations have been derived from regions lying to the north-

west of the British Islands, the analogy will be found to gain

additional force.

B. Marlstone.—Let us now trace the Marlstone along its S.E.

extension towards Oxford. At Bredon Hill (see Plate IV. fig. 1),

a large outlier near the confluence of the Avon and Severn in North
Gloucestershire, the Marlstone attains a thickness of 250 feet

;

probably the greatest known in this part of England. On the flanks

of Ebrington Hill, the extreme northern termination of the Cottes-

wold Range, the thickness, as computed by Mr. Howell, is 150
feett ; at Leckhampton Hill, near Cheltenham, the thickness is

115 feet+, by accurate measurement, which is the average develop-

ment of the formation along the whole of the Cotteswold Hills.

of the surface, by one who possesses a perfect knowledge of the succession of the

beds. These faults admirably bear out the principles laid down by Mr. Hopkins
of Cambridge, followed by Mr. Jukes and Professor Haughton.

* Recently communicated to the Manchester Geological Society by Mr.
Binney. See also Quart. Journ. Geol. Soc. vol. xv. p. 549.

t " Geology of the Country around Cheltenham," Mem. Geol. Survey, 1857,

p. 19. { Ibid, plate 2.
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If we trace these beds towards the borders of Oxfordshire, along

the Valley of the Evenlode, that is, in a direction E.S.E. from
Bredon Hill, we find a marked diminution in the thickness. At
Burford, Shipton, and Charlbury, the farthest points where the

thickness of the Marlstone can be ascertained, we find it to have

dwindled down to an average of 20 feet, or less than one-tenth of

its amount at Bredon. If, therefore, this attenuation continues in

nearly the same ratio, the formation cannot extend far beyond the

city of Oxford. It is remarkable, however, that the " Upper Kock-
bed " shows far less disposition to thin out than the underlying sandy
strata, which, in Gloucestershire form nine-tenths of the mass of the

formation.

C. Upper Lias.—In the case of the Upper Lias Shale, the south-

easterly attenuation is even more decided. Its thickness at Bredon
Hill is nearly 400 feet* ; but at Leckhampton Hill it reaches 230
feet, including a few beds of superimposed sands. From this point

eastward the formation thins away ; and at Stonesfield, in the

Valley of the Evenlode, it may be said to have finally disappeared,

being represented only by a band of shale four feet thick ; the In-
ferior Oolite resting almost immediately on the Marlstone ** Rock-
bed," which has here become a valuable iron-ore +.

As we can thus, from actual observation, prove the south-easterly

thinning-out of the Middle and Upper Lias, I think, bearing in

mind their close relationship to the Lower Lias, that we are

justified in inferring a somewhat similar thinning-away towards

the Thames Valley on the part of this earliest formed member,
though it has probably a more extended range. Should this sup-

position prove correct, the whole Liassic Series should be on the

point of disappearing below Oxford.

I here wish to repeat that in the case of the Lias the line of

maximum attenuation follows an E.S.E. direction. A deviation of a

few degrees northward produces a considerable change in the

thickness of the beds. Thus in the neighbourhood of Chipping
Norton and Deddington, which are nearly due cast of Cheltenham,
the combined thickness of the Upper Lias and Marlstone is not

less than 200 feet.

4. Inferior Oolite.—Proceeding next to the consideration of the

Inferior Oolite, I take as sections for comparison those at Cleeve

Cloud and Leckhampton Hill at the west, and those of the Valley

of the Evenlode at the east. The formation at Cleeve Cloud is

probably not less than 300 feet thick, and that at Leckhampton
Hill 204 feet. This latter, ever since the original survey of Mur-
ehison+, has been regarded as the typical section of the Inferior

Oolite, not only for England, but for Europe. It there consists of

* Ascertained from u measured horizontal section about t<> bo published by
the Geological Survey. Urcdon Hill is the most north-westerly district where
the Upper Lias exists : and its great thickness there shows the rapidity of the

thinning-out towards Oxfordshire.

t See Map of the Geological Survey Sheet I.".. S \V

J
Proceedings Oeol Soc vol. i. p. 388.
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five well-pronounced subdivisions, the horizontal range of which

throughout the Cotteswold Hills, towards the borders of Oxfordshire,

I have already described in a Memoir on the district*. Without

entering here into details, I will content myself with stating the

following conclusions. The Pea-grit has the smallest range ; next

the Upper Freestone ; then the Oolite-marl and Lower Freestone

;

and the most persistent member is the Eagstone, which, though

never surpassing a thickness of 50 feet, stretches eastward into

Oxfordshire, and there becomes the sole representative of the Inferior

Oolite.

I find that this easterly attenuation of the Inferior Oolite is

noticed by Professor J. Phillips t, and I refer to it especially as

illustrating how small is the relationship between vertical depth

and horizontal range. In the case of the Oolites we find that those

beds in which there is evidence of current-action, and where the

fossils are fragmentary and drifted, the horizontal area is small ; of

this the Freestone Series is an example ; but where the beds have

been tranquilly deposited, and the fossils have been buried where

they lived, the range is greater ; and this is a law more or less

applicable to all the sedimentary rocks of which I am treating.

In the Valley of the Evenlode we can trace the Inferior Oolite

as far as Stonesfield, and there it has a thickness of about 15 feet

;

but farther east, in the Valley of the Cherwell, at Bousham, it has

altogether disappeared, and we find the Great Oolite resting im-

mediately on the Upper Lias Clay, or only separated by a thin

stratum of ferruginous sand, which must be referred to the Great

Oolite J.

The case of the Inferior Oolite entirely disappearing within a

distance of 30 miles south-east of the point where it attains a

thickness of nearly 300 feet is remarkable, because it cannot be re-

garded altogether in the character of a sedimentary deposit. Many
of the Freestone-beds have the characters of shelly gravel, drifted by
currents, and these are less persistent; others, as the Oolite-marl

and Eagstone, are partly of organic and chemical origin. It is re-

markable that the fine of maximum attenuation occupies a nearly

parallel direction with that of the more mechanically formed rocks,

such as the Lias.

5. Fuller's Earth.—Of the Fuller's Earth it is only necessary to

state that it does not extend as far east as Oxfordshire. In the

Cotteswold Hills we meet with it for the last time at Sherborne, near

Burford§. But the formation is deserving of notice as being the

oldest amongst the Lower Secondary Rocks in which the direction of

maximum attenuation changes from the south-east to north-east.

In Somersetshire it attains a thickness of 120 feet.

6. Great Oolite.—The Great Oolite of Gloucester, Oxford, and

* " Geology of the Country around Cheltenham," 1857 ; Mem. Geol. Survey,

t ' Manual of Geology,' p. 303.

{ Sheet 45, S.W., of the Geological Sm*vey Map ; and " Geology of the

Country around Woodstock ;" Mem. Geol. Survey, p. 14.

§ " Geology of the Country around Cheltenham," p. 52.
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Northamptonshire divides itself into two well-marked zones*. The
Lower Zone includes the Stoncsfield Slate, as well as clays, shelly

oolitic freestones Avith current-lamination; and lastly, those thick

beds of ferruginous sands which are so largely developed in

Northamptonshire. The Upper Zone, on the other hand, is ex-

tremely distinct, consisting of evenly bedded limestones, weathering
white, with bands of calcareous marl. The fossils of the Upper
Zone are seldom fragmentary, though generally in casts, and appear

to have been buried where they lived. As might be expected, the

horizontal range of these two zones is very unequal, and, on the

whole, they probably represent, respectively, shallow- and deep-sea

conditions of the Great Oolite.

These two zones range probably from Yorkshire, and certainly

from Lincobishire, as may be gathered from the description of the

Oolites of Lincolnshire by Professor Morris f, and from thence into

Northamptonshire and Oxfordshire.

The Lower Zone attains its greatest development towards the

u * stern escarpment of the Oolites of Wiltshire and the centre of the

Cotteswold Hills; but eastward it dwindles down until it entirety

dies out in the Valley of the Cherwell, near Woodstock.
The same south-easterly attenuation is also observable in the

case of the Forest-marble, which may be considered a subformation

of the Great Oolite J. Thus wo have reason for concluding that

under the Oxford Claj of a large portion of Northamptonshire and
Oxfordshire, we shoidd pass from tho Cornbrash into the Uppej
Zone of the Great Oolite, and from this into the Marlstone, the

intervening beds having disappeared.

From internal evidence over an extensive range, afforded by the

evenly bedded limestones and marls of the Upper Zone of the Great

Oolite, and from its continuity over an area extending at least from
Somersetshire to Lincolnshire, combined with the fact that it

furnishes no evidence of a tendency to thin awaj' towards the south-

east, I am inclined to think that this subdivision extends as far as
the Palaeozoic barrier of the Thames Valley, and that it is the

identical part of the formation described by M. Rozet as resting

upon the Carboniferous rocks of the Bas-Boulonnais. It is the jwftt

exception to south-easterly attenuation we meet with in ascending

through the Mesozoic rocks of England : and it cannot he regarded

as a drifted sedimentary deposit, but as one which, like the White
Chalk, was formed on the hed of a comparatively dee]) sea by the

agency of living animals, or by the precipitation of the fine cal-

careous mud derived from Molluscs, Corals, and Foraminifera.

* Op. cit. p. 53.

t Qunrt. Journ. (ieol. Sue. vol. ix. p. ,'k'tf. The Ix ds which in Lincolnshire
succeed the ferruginous limestone, considered hv Professor Morris as Inferior
Oolite, lire ".stratified sands and class, local in their occurrence, hen rim; plant-
remain-." These hed- ivpn sent " Lower Zone " of the (1 real Oolite, and
are succeeded hv maris while oolites, " indicating dcc|ter-sca condition*,"
which represent the " I'ppcr /one."

\ This formal ion dies out in the Valley of the Cherwell, east of Wood-lock.
Sir Map of Clcol. Survey Sheet !.">, S.W. , and " (lco!or\ of Woodstock." y. "J I.
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With the Upper Zone of the Great Oolite, the earliest Secondary

formation which does not thin away south-eastward, our investiga-

tions cease on this head, and I now propose to inquire what are the

probable positions of the Palaeozoic rocks under this district.

I can here avail myself of the opinions of other authors, which

will render it unnecessary to dwell to a great length on this part

of the subject.

§ 4. Probable Extension of the Coal-measuresfrom Warwickshire to

the Thames Valley.—This is a subject on which it is necessary to

exercise much caution, on account of the interests involved. Mr.

Godwin-Austen has already stated his opinion of the probable

extension of the Coal-measures from the Coal-fields of Stafford and

Warwick, to join that band which he considers to stretch along the

Thames Valley under the Chalk. Even if this be the ease, there

may be interruptions in the form of bosses of Silurian or Cambrian
rocks, and the measures themselves may be generally unproductive

of valuable coal-beds.

In fact, there are evidences that the Coal-measures become at-

tenuated towards the S.E., from phaenomena observable in the

Warwickshire Coal-field. At the southern extremity of the Coal-field,

south of Bedworth, all the coal-beds, which towards Atherstone are

more or less widely separated by sandstones and shales, become
united into one mass 30 feet thick*. At the same time the south-

easterly strike of the Coal-measures and Permian rocks in the

Warwickshire district shows that they tend to underlie Oxford-

shire and part of Northamptonshire ; and the strike of the coal-

beds has been proved to continue in the same direction for a con-

siderable distance underneath the New Bed Sandstone f. Further

to the south, near Coventry, the Permian Beds slightly change
their strike towards the east, and, if there be any conformity between
this formation and the Coal-measures, which seems to be the case in

this district, the dip of the Coal-measures must be in the direction

of Oxfordshire. Of course beyond this district we have no further

means of judging by actual observation whether this direction of the

beds continues ; but it is satisfactory to find, at the last place where
the Coal-formation can be seen to the S.E., the beds tending to

underlie a district where we know that the superimposed formations

have become greatly lessened in depth.

§ 5. Physical Geography of the Trias.—A. Land on the North
Atlantic Area.—At the close of the Permian Period, those dis-

turbances accompanied by marine denudation ensued which
changed the distribution of land and sea, and produced a high

degree of unconformity between the Permian and Triassic Bocks.

Their general effect was to extend the area of sea, and to contract the

land-surface, so that the British Islands presented the appearance

of a small polynesia, in place of a more or less connected line of

* Geol. Survey Map, Sheet 63, S.W., and Vertical Sections, Geol. Survey,

Sheet 20.

t As I am informed by my colleague Mr. Howell. See Geol. Map, Sheets

53, N.W.-63, S.W. ; and " Geology of the Warwickshire Coal-field," 1859.
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coast stretching westwards, northwards, and eastwards along the

margin of the Lower Permian basin. The whole of the low-lying

district between the highlands of Wales

and those of Cumberland was submerged, | ]j

and a channel was opened for the trans-

port of Triassic sediment by an oceanic

current from the north-west, by the agency

ofwhich it was spread over central England

as long as the various kinds of sediment

were capable of being mechanically sus-

pended.

The Lower Carboniferous Range of the

Penine Chain, which during the deposition

of the earlier Permian strata was elevated

into land, appears to have been completely

submerged under the Triassic sea. This

is presumed, independently of other con-

siderations, by the fact that we find the

same succession of Triassic beds on both

sides of this range. In Nottinghamshire

and Yorkshire, with the exception of the
" Upper Mottled Sandstone," which has

thinned out, we find exactly the same
succession of subformations, both of the

Bunter and Keuper, as in Lancashire and
Cheshire. Now it will be shown presently

that all the sediment has been transported

from the north-west towards the east and
south, so that the strata must have been
deposited continuously across this portion

of Northern England,—an evident proof

that there was no separating barrier of

land.

Thus, at Mansfield we find the following

section across the Trias, in which the same
subformations occur as at Chester (with

the one exception), while, at the same
time, the whole series is considerably

lessened in thickness. The section has

been drawn from the information supplied

by my colleague Mr. Talbot Avcline.

Farther north, at Worksop, on the

borders of Yorkshire, the succession is the

same ; so that we have here strong evi-

dence, if not absolute proof, that these

beds wore continuous from Lancashire to

Yorkshire, right across the Carboniferous

Range.

The Silurian regions of Wales and Salop

were also submerged and buried under
Triu>si< sandstones to a eonsiderahlo extent
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at the close of that period. In the Yalley of the Severn we find two
distinct shingle-beaches, one in a position 450 feet above the base

of the Bunter Sandstone, and the other about 500 feet higher. If

these beds be reduced to their original horizontal position, and
the whole brought below the sea-level, it would lead one to believe

that all the area below 2000 feet at least was under the sea. The
subsidence continued, with occasional pauses, throughout the Triassic

epoch; and the extreme fineness of the sediment of the Keuper
sandstones and marls proves the remoteness of the land from which
it had been drifted. During the earlier stages of the Bunter series,

the siliceous sediment appears to have been drifted over the plain of

Central England, through the channel formed by the mountains of

Westmoreland on the north and those of Caernarvon and Denbigh on

the south, filling in all the old channels and valleys
;
and, as the

later periods of the Keuper and Lias progressed, these old headlands

gradually became more contracted both in area and elevation.

At the close of the period of the Bunter Sandstone, the low-
lying tracts of England were probably elevated into dry land,

and remained so during the deposition of the Muschelkalk in

Germany. I have arrived at this conclusion from the following con-

siderations.

B. Subaerial conditions during the formation of the German
Muschelkalk.—The base of the Keuper is almost invariably a

breccia or conglomerate, the pebbles of which can be identified with
those Palaeozoic formations in the neighbourhood which at the close

of the Bunter period formed the coast. This breccia is, in fact, a

shingle-beach
;
and, if we suppose the flat tracts of the Bunter to

have been re-submerged at the commencement of the Keuper period,

such a shingle-bed would be the inevitable result of the waves
acting along a newly formed, and sometimes a bold, line of coast.

Shallow seas and intertidal conditions prevailed throughout the

higher stages of the Lower Keuper Sandstone ; for we frequently

find the footprints of Reptiles, sun-cracks, and rain-prints, showing
that during the ebb of the tide the sea-bed was left dry.

C. Unconformity of the Keuper and Bunter.—There are evidences

which appear to me irresistible that the strata of the Bunter and
Keuper are unconformable. I have already shown the probability

of this being the case in Germany, from the occurrence of pebbles

of Bunter Sandstone in the Lower Keuper Sandstone of the Oclen-

wald*, and the evidences in this country are equally strong. In the

district of Alton, in Staffordshire, the base of the Keuper is formed
of a white conglomeratic sandstone, resting on red shale ; and its

pebbles can only be referred to the reconstructed materials of the

Bunter. They consist of the well-known, rounded, and coloured

quartz of which we have no examples in England except from the

conglomerate-beds of that formation. The Bunter conglomerates

climb up the flanks of the Carboniferous rocks of Derbyshire
;
and,

if this be the correct interpretation of their reappearance, they have

* Quart. Journ. Geol. Soc. vol. xiv. p. 224.
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been elevated into a marginal coast at the commencement of the

Keuper period ; and this would have necessarily produced a certain

degree of unconformity between these two formations of the Triassic

Series.

The relative position of the Bunter and Keuper in Leicestershire

appears to afford evidence of unconformity. The conglomerate-beds

of the Bunter are confined to the western and northern portions of

the Ashby-de-la-Zouch Coal-field, where they attain a thickness of

200 or 300 feet. Along a line passing JST.E. and S.W. through
Moira they terminate abruptly ; and east of this line we find the

Lower Keuper Sandstone resting immediately on the Coal-measures.

These conditions would seem to indicate,—first, that after the de-
position of the conglomerates certain disturbances had occurred,

elevating the south-eastern districts, and thus causing the denu-
dation of the conglomerates from off that area

;
and, secondly, that,

after these disturbances (involving, of course, an unconformity), the

beds of the Keuper had been deposited where we find them, resting

on the conglomerates of the Bunter in one direction and on the Coal-
measures in the other.

In Lancashire, near Ormskirk, there is a section showing the

superposition of these formations, in which the appearance of un-
conformity is of so satisfactory a nature that it elicited the assent

of such a cautious observer as Professor Ramsay. As the geology
of this district has not yet been published by the Geological Survey,

I do not feel at liberty to describe this section, but will only add
that it is seldom that a more evident case of unconformity is laid

open to view.

In thus stating my conviction that these formations are uncon-
formable, I by no means wish to assert that the non-parallelism of

the beds is ever very great ; it is only sufficient to prove that dis-

turbances and denudation have intervened between the two periods

one effect of which was to place the bed of the Bunter Sandstone
sea beyond the reach of marine deposition, and thus account for the

entire absence of the Muschelkalk in England.

I shall close this subject, which I feel I have very imperfectly

treated, with one more remark. It is scarcely possible to estimate

the advantage, both to science and to civilization, which has resulted

from the present configuration of the Mesozoic rocks of England.

Keeping in mind the tendency which they exhibit to thin away
towards the south-east, it is evident that, with their present strike

and inclination, the)- are presented to us in succession along lines of

fullest development. In order to estimate this more fully, we have

only to reflect how dwarfish would have been the ascending series

of formations, had they been upheaved along an axis coinciding with

the present escarpment of the Chalk from Heading to the German
Ocean. Such an arrangement would also have shut out all hope of

reaching coal in the central counties, as the Carboniferous rocks

would have been covered by the newer formations over the region-,

of their greatest vertical thiekm-s-.
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D. Causes of Variations in the Persistency of Strata.—The facts

here stated regarding the thinning-away of the various kinds of

strata bear out in a remarkable manner the views laid down by Sir

C. Lyell in his ' Principles of Geology.' "When rivers carry down
to the sea fragmentary rocks, sands, and mud, of various degrees

of coarseness, these materials are brought within reach of marine
currents, and are by their means spread over the bed of the ocean.

The larger fragments are the first to become imbedded ; while the

more minute particles of sand or clay are carried to great distances

out to sea, and slowly sink to the bottom, forming shales and clays, like

those of the Red Marl, and Lias. Of these phaenomena, the Triassic

group produces examples. In Cheshire, where that formation is

most fully developed, the Bunter and Keuper are of nearly equal

thickness ; but we have seen that the beds of the Bunter, which are

formed of siliceous particles, more or less coarse and of a rather

high specific gravity, do not reach as far to the south-east (that is,

out to sea) as the eastern borders of Leicestershire and "Warwick-
shire, where the fine muddy strata of the Keuper are still 500 feet

in depth. The case is further illustrated when we compare the

limited range of the breccias, or shingle-beaches, with the other

beds of the Trias. These are never found to extend far from their

parent coast-lines.

In observing individual beds also, we find a marked connexion

between horizontal area and tranquillity of deposition. Those strata

exhibiting the agency of local marine currents, which have pro-

duced the phaenomena of false-bedding, are invariably inconstant,

and, as it were, short-lived; while the evenly bedded layers, in

which the fossils (in the case of fossil-bearing rocks) are entire,

have much wider ranges. As points of comparison, we may place

on the one side the two Mottled Sandstones of the Bunter and the

shelly Freestones of the Inferior and Great Oolites, and on the other

the Lower Keuper Sandstones, the Ragstones of the Inferior Oolite,

the Upper Zone of the Great Oolite, and the Cornbrash.

§ 6. Apparent South-easterly Attenuation of Carboniferous

Series.—I believe that the conclusions here stated regarding the

south-easterly attenuation of the Lower Mesozoic rocks are ap-

plicable, to some extent, to the Carboniferous rocks of Britain.

The Lower Carboniferous rocks are more largely developed in

Scotland than in the North of England ; and my colleague Mr.
Geikie informs me that the sandstones and shales of the Lothians

evince a marked tendency to become thicker towards the north-

west.

Professor Phillips* appears to have arrived at a similar conclusion

with respect to the " Yordale Rocks " of Yorkshire • and he has

shown how the sandstones, shales, and other sedimentary strata

thicken towards the north-west ; while the organically formed

limestones appear in greatest force in an opposite direction. I have

already alluded to the example in the case of the Warwickshire Coal-

* Geology of Yorkshire, p. 176. See also Explanation of the Horizontal

Sections of the Geological Survey, Sheet 45.
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field ; and a still more remarkable one occurs in South Staffordshire

,

where the " Main Coal" of Dudley, 10 yards thick, becomes split up
into several seams at the northern part of the coal-field, and se-

parated by sandstones, shales, and clays, altogether attaining a

thickness of 300 feet. This fact has been demonstrated by Mr.
Jukes*, who remarks upon the great persistency of the coal-beds as

compared with the inorganic materials. The Tordale series of

Lancashire and North Staffordshire are enormously developed in

comparison with their equivalents in Leicestershire and Warwick-
shire. With all these facts in view, it is much to be feared that

the Carboniferous Series generally becomes greatly reduced, and
probably much less productive of coal, under the districts of

Oxfordshire and Northamptonshire.

Mr. Sorbyt has also carried on a series of investigations on the

currents of these ancient seas, as indicated by the various phaeno-

mena of stratification. It is probable that, when completed, these

will lead to results of the highest interest in throwing light upon
the physical geography of past times. In the meantime Mr. Sorby
appears to have arrived at the conclusion, that the drifting of sedi-

ment has been from the N.W. in the case of the Carboniferous

group ; while tidal currents ebbed and flowed in N.E. and S.W.
directions throughout parts of the Permian and Oolitic periods J.

All these phenomena point to the existence of a continent, or at

least of an extensive tract of land, throughout the Carboniferous,

Permian, and Lower Secondary Periods in the region now occupied

by the North Atlantic Ocean.

Accepting, then, the conclusions of Mr. Godwin-Austen, that a

band of Coal-measures stretches along the Thames Valley, thrown
off on the north side of the Old Palaeozoic Axis, it is not improbable
that the formation extends, with perhaps occasional interruptions,

into the central counties; but I have already hinted at the probability

that, as a coal-producing set of rocks, it has become deteriorated in

its extension southwards (page 71).

With regard to the formations which may be inferred to lie above

the Coal-measures in Oxfordshire and Northamptonshire, it is pro-

bable we should find the following ascending series :

—

1st. The Lower Permian rocks, of considerable depth northward,
but diminishing in thickness towards the escarpment of the Chalk.

2nd. Above the Permian beds, we should find no Punter Sand-
stone, but only tin- Keuper Mails, greatly diminished in thickness.

3rd. Next the Lower Lias, also greatly reduced and thinning

away towards the Chalk-escarpment. If the Mirlstone and Upper
Lias were found to exist, it would only be as mero traces, and these

would be immediately superimposed by the Upper Zone, or " White
Limestones" of the Great Oolite.

A vertical section under Oxford would probably present the fol-

lowing descending series:

—

* South Stnflbnlshiro f '<>al-fl< lcl : Mem. Oeol. Survey,

t See Papers in the Kdin. Phil. Journal, New Series
' See • Siluria." .".nl e<lit.. Appendix.
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Formations present.

feet.

600
5

200
200?
200?
?

Formations absent.

feet.

Cornbrash
Great Oolite (Upper Zone)
Lower Lias

Red Marl (Keuper)
Lower Permian Beds
Coal-measures i

Oxford Clay

9

Forest Marble (greatest thickness) 150
Great Oolite (Lower Zone) 100
Fuller's Earth 200
Inferior Oolite 270
Sands ...150
Upper Lias Clay 400
Marlstone? 240
Lower Keuper Sandstone 450
Bunter Sandstone 2150

§ 7. General Conchisions.—From the foregoing considerations the

following conclusions may be drawn :

—

1st. That during the deposition of the Upper Palaeozoic and
Lower Mesozoic Rocks an extensive tract of land existed to the

north-west of the British Isles, which afforded the materials of

which these rocks are composed ; and it is probable that this region

embraced the western isles and coast of Scotland.

2nd. That the Lower Permian Pocks were deposited in a channel,

of which we can trace approximately the borders to the west and
north-east ; and that this group attains its maximum development

along a band of country stretching west and east, from the southern

borders of Salop, across Staffordshire to Warwickshire.

3rd. That at the close of the Permian Period there ensued con-

siderable changes in the distribution of land and sea, involving a

large increase in the latter. That a highway was opened between

North Wales and Westmoreland, along which the sediment for the

formation of the Lower Secondary rocks was transported by an
oceanic current and spread over the plains of England, filling up
old Palseozoic valleys.

4th. That all the Lower Secondary formations decrease in thick-

ness, and actually die out towards the south-east ; that this atte-

nuation is due to the increase of distance from the sources of supply,

and the consequent failure of sedimentary materials which have

come from land occupying the region of the North Atlantic.

5th. That there probably exists a tract of Coal-measures stretch-

ing from the southern borders of the Staffordshire and Warwick-
shire Coal-fields towards the Thames Valley, as previously surmised

by Mr. Godwin-Austen, but that there is reason to fear that the

whole formation becomes debased and less likely to contain valuable

beds of coal.

6. That the depth to the Coal-measures under parts of Oxford-
shire and Northamptonshire cannot, in consequence of the thinning-

out of the Lower Secondary Pocks (Inferior Oolite, Lias, and Trias),

be considered as beyond the reach of mining enterprise ; but that the

thickness of the interposed Permian rocks and the economical value

of the coal-beds are points of uncertainty, which are likely to be
solved only by actual experiment.
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EXPLANATION OF PLATE IV.

The sections in Plate IV. are intended to illustrate the thinning-out towards

the South-east (and, per contra, the thickening towards the North-west) of all

the formations from the base of the Great Oolite down to that of the Trias.

Though founded on actual admeasurement of the strata, the sections are not

drawn to any true horizontal scale.

Fig. 1 shows the thinning-away of the Liassic and Oolitic strata, along a lino

drawn from the banks of the Severn, near its junction with the Avon, across

Bredon Hill, the Vale of Cheltenham, the Cotteswold promontory, and Vale of

Moreton, to the hills of Coral-rag above Oxford. The line runs W.N.W. and
E.S.E. By comparing the thickness of the formations (as given in the figures

immediately under the sections) where they are capable of being measured, it

will be seen how they all tend to thin away towards Oxford. The whole of the

Inferior Oolite is not present on Bredon Cloud, so that its thickness cannot bo

compared with that of its representative on the Cotteswold Hills ; but in the Valley

of the Cherwell, near Woodstock, the formatiou has altogether disappeared.

The Upper Zone of the Great Oolite, however, evinces no tendency to thin away
in any direction.

Figs. 2, 3, and 4 may be considered as one interrupted section, and are to

illustrate the same principles in the case of the Triassic rocks. The direction

of the section is along a line drawn from the mouth of the Mersey to that of

the Thames ; and in each the thickness of the formation with its groups is shown
as it occurs in Cheshire, Staffordshire, and East Warwickshire. It will bo

observed that, wliile the Bunter Sandstone attains in Cheshire and Lancashire

the surprising thickness of 2000 feet and upwards, in Staffordshire it has con-

siderably lessened, and dies out before reaching the neighbourhood of Coventry.

The Keuper series in Cheshire is upwards of 3000 feet thick ; in Staffordshire

it is only 1200 ; and in East Warwick about GOO. The section is continued

through the Liassic and Oolitic formations into Oxfordshire.

These sections also show the manner of the distribution of the Lower Permian
rocks along the same line of country. This formation becomes more fully de-

veloped in Warwickshire than in Staffordshire, and in this latter county more
than in Cheshire

;
proving the remarkable change which ensued at the close

of the Palaeozoic period in the physical circumstances under which the rocks

of the two great epochs were deposited.

VOL. XVI.—PART I.
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115.

W. Lockhart.—On the Yellow River, China, 152.

R. Hunt.—Mineral produce of Yorkshire in 1857, 181.

British Pomological Society. Proceedings. September 1859.

Brussels. Bulletins de l'Academie Royale des Sciences, des Lettres

et des Beaux-Arts de Belgique. 2me Ser. Vol. iv. 1858.

L. De Koninck.—Sur quelques Crinoides pale"ozoiques nouveaux de
l'Angleterre et de l'Ecosse, 95.

. . Vol. v. (1858), et Vol. vi. (1859).

•. Tables generales et analytiques du Recueil des Bulletins de
lAcad. Roy. des Sc., &c, de Belgique. lre Ser. Tome 1 h 23.

(1832 a 1856.) 1858.

-. Memoires de TAcademie Royale. Vol. xxxi. 1859.

—. Memoires couronnes et Memoires des Savants strangers.

Vol. xxix. 1858.
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Brussels. Memoires Couronnes et autres memoires publics par 1'Acad.

Hoy. des Sc. de Belgique. Collect, in 8°. "Vol. viii.

A. Perrey.—Sur les Tremblements de Serre en 1856, avec supple-

ments pour les annees anterieures.

. Annuaire de l'Acad. Roy. 1859.

Canadian Journal. New Series. No. 22. July 1859.

Geological Survey of Canada, 268.

F. B. Meek and F. V. Hayden.—Geology of Kansas and Nebraska,

318.

V. d'Aoust.—Formation of Oolites by organic agency, 324.

Mineralogical Notices, 325.

Canadian News. Nos. 81-88. July to October 1859.

Cape and Natal News. Nos. 10-12. July to September 1859.

Chemical Society. Quart. Journ. No. 46. Vol. xii. Pt. 2. July 1859.

; . No. 47. Vol. xii. Pt. 3. October 1859.

B. C. Brodie.—Atomic weight of Graphite. 261.

. Combination of Carbonic Oxide with Potassium, 269.

Critic. Nos. 469-484. July to October 1859.

Notices of Scientific Meetings, &c.

Aerolite in North America, 257.

W. Hopkins.—The Earth's Internal Temperature, 281.

British Association, 304, 325.

G. G. Bunardson.—Flint-implements at Bedhill, 355.

Geological Survey of the United Kingdom. Annual Report of tho

Director-General. 1859.

Geologist. Vol. ii. Nos. 19-22. July to October 1859.

T. Wiltshire.—Red Chalk of England, 261.

Foreign correspondence, 278, 328.

Proceedings ot Societies, 289.

Notes and Queries, 295, 329, 368, 404.

Reviews, 300, 332, 372, 417.

T. R. Jones.—Weathering of Granite, 301.

T. Davidson.

—

Spirifcra conmint t/, 818.

C. Lyell ' on Craters of Elevation,' noticed, 315.

S. J. Mackie.—The Common Fossils of tho British Rocks, 341,
381.

II. 0. Salmon and B. Cotta.—Tho formation of Ore-veins, 355,
.W.

Meeting of the British Association, 397.

Horticultural Society of London. Proceedings. Vol. i. Nos. 1-3.

Leeds Philosophical and Literary Society. Report for 1858-59.

Lcopoldina. Aemtliches Organ der Kuis. Leop.-Car. Detttsohen Akad.

d. Naturf. Erstes Heft. I s V.i.

Liege. Memoires de la Soc. Boy. des Sciences. Vol. xiv. 1
v ">:».

Linncan Society. Journal of the Proceedings. Vol. iv. Nos. \:'.,

14. July 1859.
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Literary Gazette. NewSer. Vol. iii. Nos. 53-68. July to Oct. 1859.

Notices of Scientific Meetings, &c.

British Association, 309.

H. Eley's ' Geology in the Garden/ noticed, 331.

Liverpool Literary and Philosophical Soc. Proceedings. No. 13. 1859*

London, Edinburgh, and Dublin Philosophical Magazine. 4th Series.

Vol. xviii. Nos. 117-120. July to October 1859.

C. Lyell.—Professor C. P. Smyth's supposed proofs of the submarine
origin of Teneriffe and other Volcanic Cones in the Canaries, 20.

H. Hennessy.—Thickness and structure of the Earth's Crust, 22.

W. H. Miller.—The employment of the gnomonic projection of the
sphere in Crystallography, 37.

A. Delesse's ' Etudes sur le Metamorphisme des Roches,' noticed, 61.

J. Lancaster and C. C. Wright.—The Shireoaks Colliery, 77.

A. P. C. Selwyn.—Geology of Southern Australia, 77.

T. W. Webb.—Traces of eruptive action in the Moon, 78.

H. C. Sorby.—Expansion of water and saline solutions at high tem-
peratures, 81.

. Freezing-point of water in capillary tubes, 105.

J. Drummond.—Molecular structure of Ice and Glass, 102.

C. P. Smyth.—Teneriffe Fossils, 127.

J. Lamont.—Spitzbergen, 153.

T. S. Hunt.—Formation of Gypsum and Dolomite, 153.

S. Hislop.—Tertiary deposits of Central India, 153.

H. Hahn.—Expansion of Crystalline bodies by heat, 155.

Wohler.—Organic substance in the Meteoric Stone of Kaba, 160.

A Gages.—Vivianite, 182.

Wohler.—Composition of the Cape Meteorite, 213.

J. W. Mallet.—Brewsterite, 218.

H. Falconer.—Ossiferous caves near Palermo, 233.

J. Prestwich.—Bone-cave at Brixham, 236.

J. W. Flower.—Flint-implements in the gravel near Amiens, 236.

J. H. Pratt.—Thickness of the Earth's Crust, 259.

R. Schneider.—The Equivalents of Manganese and Nickel, 268.
. On Equivalents, 272.

W. Wallace.—The Equivalent of Bromine, 279.

J. Prestwich.—Flint-implements in gravel, 290.

C. Babbage.—Human Remains mixed with bones of extinct animals,

297.

W. Hopkins.—Glacial Theories, 308.

H. Scholefield.—Arsenic in pyrites, 317.

F. A. Genth.—Occurrence of gold, 319.

Longman's Monthly List. New Series. Nos. 199 and 202. 1859.

Mechanics' Magazine. NewSer. Vol.ii. Nos. 27-42. Julyto Oct. 1859.

Notices of Scientific Meetings, &c.
Prestwich and others.—Fossil human implements, 66.

W. Hopkins.—The Earth's internal temperature, and the thickness
of its crust, 183.

Munich. Almanach der Konigl. Bayerisch. Akad. d. Wissensch.

fur das Jahr 1859.

Offenbach. Statuten des Offenbacher Vereins fiir Naturkunde*.
1859.
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Paris. Annates des Mines. Cinq. Ser. Vol. xiv. 6e livr. du 1858.

L. Simonin.—De l'exploitation des mines et de la MtStallurgie en
Toscane pendant l'antiquite' et le moyen age, 557 (plate).

G. de Jnsson.—Sur les mines de la Province de Trebizonde, 621.

A. de Brossard.—Sur les elablissenients metallurgiques du Gouverne-
ment du Paraguay, a Ibicuy, 624.

Desvaux.—Sur les sondages artesiens de la province de Constantine,
634.

Bibliographic

1 L'Academic des Sciences. Comptes Eendus. Vol. xlviii.

Nos. 12-26. 21 Mars k 27 Juin, 1859.

. . Vol. xlix. No. 1. 4 Jufflet, 1859.

. Comptes Eendus des Seances de l'Acad. des Sciences. Tables,

Vol. xlvii.

C. Ste. Claire Deville.—Sur Taction des cblorures et des sulfates

alcalins et terreux dans le me"tamorphisnie des roches se"dimen-

taires, 89.

Pomel.—Sur les soulevements du massif de Milianah, 107.

. Sur l'age gSologique du systeme du VtScors, 479.

P. de Tchihatcheff.—Sur l'orograpbie et la constitution geologique

de quelques parties de l'Asie Mmeure, 667.

Leymerie.—Sm' une ascension a, la Maladetta et sur les granites des

Pyre"n6es de la Haute-Garonne, 120.

Jutier.—Sur les sources minerales de Plombieres, 211.

Delesse.—Sur le metamorphisme des roches, 219, 495.

. Variations dans les roches qui se divisent en prismes, 448.

De Verneuil.—Sur quelques fossiles pale"ozoiques de l'ouest de la

France, 463.

D'Archiac.—Sur un ouvrage de M. Murchison, 469.

M. de Serres.—Sur les falaises et les dunes des cotes de la Mtfditer-

ranee, 498, 549.

Faure.—Sur les terrains Liassique et Keuperien de la Savoie, 518.

Riviere.—Sur l'origine des combustibles mindraux, 646.

. Sur les gites calaminaires de la province de Santander
(Espagne"), 728.

Jackson.—Sur quelques mines de la Caroline du Nord (Amerique),
r.ls.

Pomel.—Sur le systeme des montagm-s du Mermoueha, 852, 049.

Daubre"e.—Association fie I'arsenic aux bitumes mineraux, 959.

. Sur une nouvelle nianiere d'etre du charbon, 657.

Petit.—Sur deux ae"rolithes tombed dans le canton de Montrejeau
(Hauto-Garonne), 1053.

L. Bodnrt et Jobin.—Note sur im procede chimique pour la prepa-

ration du calcium, 23.

Pumas.—Kapport sur ce proce"d£, 575.

Landois annonce avoir decouvert un gisemeut de minerals do
chrome et do cobalt, 27.

Vattemare.—Image photogrnphique d'un cristal d<> grande dimen-
sion, 100.

Poggiale.—Memoiro sur les eaux minerales et sulfureusos d'Amelie-
les-Bains, 1(X3.

Landois.—Sur la d^couverto dans le d»'partomeut de In Yendoo d'un

gisoment d'iodhydratcs nuturels, 215.
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Paris. Comptes Rendus des Seances de l'Acad. des Sciences.

Tables. Vol. xlvii. (continued).

Despretz.—Experiences sur quelques metaux et sur quelques gaz,

746.

Calvert et Johnson.—Sur la conductibilite de la chaleur par les

m6taux et leurs alliages, 1069.

Tiffereau.—Sur les me'taux considers comme des corps composes,

1077.

Landois.—Sur un nouvel element metallique, 388.

Haidinger.—Une pierre gemme presentee a tort comme im diamant,

286,389.
De Luca.—Analyse de l'aragonite de Gerfalco, en Toscane, 481.

M. de Serres.—Sur une nouvelle localite ou se trouve cette aragonite

verte, 626.

Delafosse.—Son " Cours de Mineralogie," 629.

H. Ste.-Claire Deville, et H. Caron.—Sur l'apatite, le wagnerite et

quelques especes artificielles de phosphates metalliques, 985.

Jenzoch.—Sur le dimorphisme de la silice cristallisee, 1063.

Rouault.—Sur les vertebres fossiles des terrains sedimentaires de
l'ouest de la France, 99.

Pentland.—Nouveau gisement de mammiferes fo6sile3 recemment
decouvert en Angleterre, 955.

Gemellaro.—Sur les poissons fossiles de la Sicile, 389.

0. Prost.—Sur les vibrations du sol observee a Nice pendant l'hiver

1857-1858, 491.

Laurent.—Secousses de tremblement de terre ressenties le 16 Octobre,

1858 a. Remorement, 669.

. Memoires presentes par divers Savants a, l'Academie des

Sciences. Sc. Math, et Phys. Vol. xv.

Descloizeaux.—Sur la cristallisation et la structure interieure du
' quartz, 404 (5 plates).

. Soeiete Geologique de France. Liste des Membres 1859.

. Bullet. Geol. Soc. France. Deux.Ser. Vol. xvi. Feuill.24-35.

May 1859.

Benoit.—Sur la mollasse du departement de l'Ain (pi. 8), 369.

-Pouech.—Sur les terrains tertiaires de l'Ariege (pi. 9 et 10), 581.

Griiner.—La carte et la description geologique du departement de la

Loire, 412.

Th. Ebray.—Reconstitution approximative de l'ecorce de la terre

avant les actions diluviennes, 426.
J. Gosselet.—Sur les terrains cretaces du Hainaut, 432.
Raulin.—Sur la classification de la craie inferieure, 436.
Benoit.—Sur l'identite de formation du terrain siderolitique dans la

Bresse, le Jura oriental, etc. (pi. 11), 439.
Virlet d'Aoust.—Sur les inconvenients geologiques qui peuvent

resulter de l'expression de terrain ou etage siderolitique, 445.

J. Capellini.—Sur une nouvelle espece d'Isis fossile (pi. 12), 451.
D'Archiac—Sur la troisieme edition de ' Siluria,' 454.

Lartet.—Sur la dentition des proboscidiens fossiles et la distribution

geographique et stratigraphique de leurs debris en Europe (pi. 13,
14 et 15), 469.

J. Barrande.—Etat actuel des connaissances acquises sur la faune
primordiale, 516.
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Paris. Bullet. Ge'ol. Soc. France. Deux. Ser. Vol. xvi. Feuill. 24-35.

May 1859 (continued).

Ch. Laurent.—Sur la ligne du chemin de fer do Madrid ii Alicante

(pi. 16), 548.

, . Feuill. 36-48. July 1859.

Daubre*e.—Sur la relation des sources thermales de Plombieres avec

les filons mtitalliferes, et sur la formation contemporaine des ze"o-

lithes (pi. 17), 562.

Jules Martin.—Sur les arkoses et leur faune en Bourgogne, 592.

Dormoy Meugy et Dalanoiie.—Sur un sondage a Ilalluin (Nord),
596,*609.

Ed. Hubert.—Sur les phenomenes qui se sont passes a la separation

des periodes ge"ologiques, 596.

Th. Ebray.—Sur quelques fossiles contenus dans le gault superieur

des environs de Cosne (Nievre), 606.

Ed. Hebert.—Sur le travail de M. Favre intitule : Memoire sur le3

terrains liasique et keuperien de la Savoie, 610.

A. Boue.—Sur la geologie de l'Herzegovine, de la Bosnie et de la

Croatie turque, 621.

E. Perron.—Sur la presence du gault et de la craie chloritee dans la

Haute Saone, aux environs de Gray, 628.

Ch. Horion.—Sur le terrain cretace de la Belgique, 635.

E. Renevier.—Sur l'fige relatif do la craie de Rouen et des gres verts

du Mans, et sur la composition de l'etage cenomanien, 668.

Eug. Deslongchamps.—Sur la limite du lias superieur et du lias

moyen dans le departement du Calvados, 675.

A. Damour.—Sur la Gmelinite de Pile de Chypre, 678.

Koecblin-Schlumberger.—Metamorphisme des rocbes de transition a,

Thann et dans ses environs, 680.

Yille.—Sur le pays des Beni-Mzab (Alg<5rie), 730.

. Sur le Sahara algerien occidental, 740.

. Sur l'oasis de Laghouat (Algerie), 745.

Ebrav.—Sur le genre Galcropygus et sur les plaques des CoUyritet.

759.

Michelin.—Rectification du nom de Chjpcastcr Gaymardi, Brongn.,

766.

. . Feuill. 49-59. August 1859.

Nogues.—Sur un prres roujje des Pyrenees et des Corbieres, 7<>0.

D'Archiac.—Sur les fossiles rerueillis par M. Pouech dans le terrain

tertiaire du departement de l'Ariege, 78.'5.

Rover et Barotte.—Sur la cart« geologiquo du departement do
la Haute-Marne, 815.

Eory.—Sur la rarte geolo<nque du Pauphine, 817.

Barrande.—Depot orgauique dans les luges aeriennes ties Orthoeeres
(pi. 18), 828.

Ebray.—Sur ['importance probable de la craie blant-be dans le midi
de la France, 857.

Bureau.—Sur l'existenee du devonion superieur en Bretngne, 8(52.

Bumortier.—Sur la geologie du departement de l'Aude et des Cor-
bieres, 865.

IVArchiac.—Sur le genre OtotUma Cpl. 10), 871.

Pelesse.—Sur les roches nietamornhiqws leldspatbisi'es,

Ebray.—Sur les gres ferruginous de la Puysaie, 880\
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Paris. Bullet. Ge'ol. Soc. France. Deux. Ser. Vol. xvi. Feuill. 49-59.

August 1859 (continued).

De Mortillet.—Sur Palazzolo et le lac d'Iseo en Lombardie (pi. 20),
888.

Belbert.—Sur la limite inferieure du lias et sur la composition du
trias dans les departenients du Gard et de l'Herault, 905.

Sc. Gras.—Sur les depots diluviens de 1'Alsace, et sur la serie gene-
rale des terrains quaternaries, 919.

J. Desnoyers.—Sur des empreintes de pas d'animaux dans le gypse
des environs de Paris, et particulierement de la vallee de Montmo-
rency, 936.

Photographic Society. Journal. Nos. 87-90. July to Oct. 1859.

Quarterly Journ. of Microscopic Sc. Nos. 28, 29. July and Oct 1859.

Catalogue of Books in the Microscopical Society's Library, 9.

Pay Society. Eeport of Council. 1858.

Recreative Science. No. 1. August 1859.

S. Hibberd.—Flints and Sponges, 29.

Royal Institution of Great Britain. Additions to the Library.

. Notices of the Proceedings. Pt. ix. Nov. 1858 to July

1859. 1859.

W. Hopkins.—The Earth's Internal Temperature, and the thickness

of its solid crust, 139.

T. H. Huxley.—Persistent Types of Animal Life, 151.

N. S. Maskelyne.—The crystal-molecule, as investigated by light, 95.

W. Mitchell.—Some abstruse problems of Crystallography, 86.

W. Odling.—Magnesium, Calcium, Lithium, and their congeners,

80.

R. Owen.—Succession in Time and Geographical Distribution of

Recent and Fossil Mammalia, 109.

W. Pengelly.—Ossiferous Caverns and Fissures of Devonshire, 149.

J. Tyndall.—Veined Structure of Glaciers, 72.

Royal Asiatic Society. Journal. Vol. xvii. Pt. 1. 1859.

Royal Dublin Society. Journal. No. 14. July 1859.

T. Baldwin.—Artificial Manures, 263.

Royal Geographical Society. Proceedings. Vol. iii. Nos. 4, 5.

R. Owen.—Fossil and recent Marsupialia of Australia, 158.

B. Pirn.—Isthmus of Suez, 177.

R. I. Murchison.—Anniversary Address, 224.

A. von Humboldt, obituary notice of, 225.

Royal Society. Proceedings. Vol. x. Nos. 35, 36.

B. C. Brodie.—Atomic Weight of Graphite, 11.

A. Matthiessen.—Specific Gravity of Alloys, 12.

J. Prestwich.—Flint-implements in undisturbed gravel, 50.

C. Babbage.—Human remains mixed with bones of extinct animals,
59.

A. Kolliker.—Vegetable parasites in the hard structures of animals,
95.

Smithsonian Inst. Annual Report of the Board of Regents. 1858.

J. Leconte.—Lectures on Coal, 119.
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Smithsonian Inst. Contributions to Knowledge. Yol. x. 1858.

Society of Arts. Journal. Yol. vii. Nos. 345-348.

. Yol. vii. Nos. 349-360. July to October 1859.

M. 0. Cooke.—Naphtha, 638.

J. Nickles.—Aluminium, 651.

W. B. Kesteven.—Water-glass and Beekites, 665.

F. C. Calvert and E. Johnson.—Relative power of metals and alloys

to conduct heat, 677, 687.

S. Bleekrode.—Cast-iron and ancient slags, 711.

B. S. Maiden and B. Andrews.—Coal in Kent, 716.

South Yorkshire Viewers' Association. Transactions. Yol. i. 1858.

J. T. Woodhouse.—Inaugural Address, 14.

J. Brown.—Dumb Drifts and Fresh air in Furnaces, 23.

Stuttgart. "Wiirttemberg. Naturwissens. Jahreshefte. Funfzehnter

Jahrgang. Drittes Heft. 1859.

C. Deffner.—Die Bohnerz-Gebilde, 258.

A. Oppel.—Die Zone der Avicula contorta, 315.

0. Fraas.—Die Bohrlocker von Durrmenz-Miihlacker und von In-
gelfmgen, 326.

——. Jurassisches Vorkommen auf der Ostkiiste von Afrika, 356.

Sigwart.—Untersuchung des Wilhehnbrunnens, der Inselquelle und
des Berges Sprudels, 352.

Yienna. Bericht iiber die erste allgemeine Yersammlung von Berg-
und Hiittenmanncrn zu "Wien (10 bis 15 Mai 1858). 1859.

J. von Russegger.—Neueste Aufbereitungsversuche zu Schemnitz in

Ungarn, 5.

F. Stamm.—Ueber die Vertheihmg der Bergwerksschatze in der
Oesterreichischen Monarchic, 9.

A. L. von Lillenbach.—Verhalten des Erzadels gegen die Teufe in

dem Silbcr- und Blei-bergwerke zu Przibram in Bohmen, 12.

W. von Ilantken.—Ueber den Berg-bau in Serbieu, 18.

0. von Hingenau.—Ueber das Abbohren und Sprengen in Lignit-
flotzen, 23.

J. C. Hocheder.—Ueber das Verhalten des Goldes gegen die Teufe in
beidcn Hemispharen, 27, 44 (plate).

J. Grimm.—Ueber die Abnahme des Adels in der Teufe bei Gold-
bergbauen, 32.

G. Mannlicher.—Ueber die neueren Montan-Unternekmungen auf
Kiipfer, Eisen und Kohle in Siebenbiir^en, 86.

C. Winter.—Entziindung von Spren-rliiclieni (lurch Keibungselectri-
citiit, 12.

J. von Russe^er.— Feber die Silberextraetiou juif uussem Weg im
Schemnitzer Berjjdistriet, 53.

A. Riegel.—Anwendun^ ^ustiinni^er Brenumaterialeii in Schacht-
i if i

'II, 51.

1. Walland.—Darstelluntr der ^ej/emviirtigen La<,'o der Oestenvich-
ischen Eisenindustrir, 50.

E. von Ammon.—Ueber die neueren Fortsehritte beim Iietriebo

odur Verbleiun^-sarbeiten in der k. k. Silberhiitte zu Krenmitz,
<;.;.

J. M. Weeber.—Ueber die Beniitzung derails Ilochofen abziehcndeu
Gase, 67 (2 plates).
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Vienna. Bericht iiber die erste allgerneine Versammlung von Berg-und
Huttemnannern zu Wien (10 bis 15 Mai 1858). 1859 (continued).

L. Hohenegger.—Ueber die bei dem Erzh. Puddlingswerke in Carls-

hiitte eingefiihrte Methode, 71.

F. Markus.—Neue Methode zur Fallung des Silbers bei der Extrac-
tion desselben, 75.

J. Ferjentsik.—Die Silber- und Kupfer-Extraction bei der k. k.

Kupferhiitte zu Tajova in Nieder-Ungarn im Jahre 1858, 77.

A. Patera.—Ueber die Trennung des Wismuths vom Blei durch
oxydirendes Schmelzen, 93.

J. Scbeliessnigg.—Bemerkungen und Wiinscbe hinsichtlich der
Brennstoff-Frage, 95.

J. Sperl.—Ueber den Wolframstahl, 102.

F. Muller.—Ueber die Construction der Coaks-Oefen naeh Haldy's
Systeme, 105 (plate).

G. von Audrassy.—Bescbreibung eines neuen Hocbofenstockes in

dem Eisenwerke zu Demo, 107 (plate).

P. Rittinger und J. von Hauer.—Die Fortschritte im Siebsetzen,

111.
•

. Direct wirkende Wasserhaltungs-Dampfmascbine mit Schie-

bersteuerung obne Schwungrad, 121 (2 plates).

. Einacbsige Pumpe ohne Gestange, 124.

. Ueber Geblase fur neue Hiittenanlagen, 127 (plate).

P. Emich.—Ueber die Wiederberstellung gebrochener gusseiserner

Caliberwalzen, 129.

A. H. Beer.—Grubenforderung mittelst eines Getriebehaspels und
einer schwebenden Eisenbahn in einem Abteufen der Kaiser Franz
Joseph Grube zu Przibram, 130 (plate).

R. Zemlinsky.—Entwurf eines contmuirlich wirkenden Separations-

Apparates, 134 (plate).

O. Weis.—Der Bergbau als Colonisator, 139.

J. Rossiwall.—Ueber Grubenbrande, 142.

A. Wisner.—Die volkswirthschaftliche Seite des Bergbaues in

Oesterreich, 147.

. Jahrbueh der K. K. Geologischen Reichsanstalt. 1859.

Jahrg. x. No. 1. Janner bis Marz.

K. v. Hauer.— Untersuchung der warmen Schwefelquellen von
Trentschin-Teplitz in Ungarn, 1.

P. Aerter und E. Porth.—Das Erzvorkommen zu Rochlitz am Siid-

abhange des Biesengebirges (Tafel 1), 10.

C. W. Giimbel.—Die Aequivalente der St. Cassianer Schichten im
Keuper Frankens, 22.

E. Karrer.—Der Eichkogel bei Modling, 25.

H. Wolf.—Die barometrischen Hohenmessungen der k. k. geolo-
gischen Reichsanstalt im Jahre 1857, 29.

F. von Richthofen.—Die Kalkalpen von Vorarlberg und Nord-Tirol
(Tafeln 2 und 3), 72.

K. v. Hauer.—Arbeiten in dem chemischen Laboratorium der k. k.

geologischen Reichsanstalt, 137.

Verzeichniss der mit Ende Marz 1859 loco Wien, Prag, Triest und
Pesth bestandenen Bergwerks-Producten-Verschleisspreise, 153.

Verhandlungen der k. k. geologischen Reichsanstalt, 1-81.

Yorkshire (West Riding) Geological and Polytechnic Society, Report
of the Proceedings, 1858-9.

F. H. Pearce and J. Jebson.—Ventilation of Mines, 615, 621.
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Yorkshire (West Riding) Geological and Polytechnic Society, Report
of the Proceedings, 1858-9 (continued).

E. Trollope.—Alluvial Laud and Submarine Forests of Lincoln-
shire, 637.

S. Eddy.—Lead-mining Districts of Yorkshire, 657.

S. Baines.—Yorkshire Flagstones and their Fossils, 663.

H. C. Sorbv.—Structure and Origin of the Millstone-grit of South
Yorkshire, 669.

C. Twamley.—Basalt of the South Staffordshire Coal-field, 691.

R. Hunt.—Mineral Produce of Yorkshire for the Year 1857, 696.

Zoological Society. Proceedings. 1858. Nos. 370-383.

. . 1859. Part I. January to March.

II. GEOLOGICAL CONTEXTS OF PERIODICALS PUR-
CHASED FOR THE LIBRARY.

Annals and Magazine of Natural History. 3rd Series. Vol. iv.

Nos. 19-22. July to October 1859.

J. W. Salter.—Occurrence of Ptcraspis in the Lower Ludlow Rock,
44.

R. Owen.

—

T/u/lacolcu carnifex from near Melbourne, Australia, 63.

A. KSlliker.—Minute Structure of Bones of Fishes, 67.

11. Owen.—Reptilian Remains from South Africa, 77.

II. Or. Bronn.—The Laws of Evolution of the Organic World during
the Formation of the Crust of the Earth, 81, 175.

Ch. Martius.—The Heating of the Soil of High Mountains, 158.
R. Owen.—Vertebral Characters of PteroMitria, 226.
J. Prestwich.— Flint-implements in Gravel, 230.

James Mottley, obituary notice of, by II. Denny, 313.

Edinburgh New Philosophical Journal. 'New Series. Nos. 19, 20.

Vol. x. Nos. 1, 2. July and October 1859.

W. Turner.— Fossil liovine Remains found in Britain, 31.

A. Wills.—filacier-action and (i lacier-theories, .'ill.

II. How.—Three New .Minerals from the I Jay of l'undv, 84.

W. L. Green.—Eruption of Manna Loa, 90.

T. Stevenson.—Destructive Kffect.s of the Waves of the Sea on the
North-east Shores of Shetland, 13S.

W. Carruthers.—(ieology of Swelleiidani, South Africa, 143.

J. A. Smith.

—

JJos primii/inius from Selkirkshire, 114.

li. Edmonds.—Shocks in Mounts Hay on the days of the (ireat

Earthquakes of Lisbon in 1755, 17l>l, and 1H5H, 151.

J. (I. Kurr's 'The Mineral Kingdom,' noticed. 101.

W. J. Henwood.—Temperatures in Mine*, 1<">6.

A. von Humboldt, obituary notice of, I6d.

J. C. Fisher.—The Mosaic Account of the ('n ation, 211.
M. Dune.—Some of the products of the destructive di-tillation or

Brown-coal) 255,
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Edinburgh New Philosophical Journal. New Series. Nos. 19, 20.

Vol. x. Nos. 1, 2. July and October 1859 (continued).

I. Anderson.—Earthquake at Quito, 273.

— Evans.—Flint-implements in gravel, 283.

T. Wright.—Subdivisions of the Inferior Oolite, 287.

R. Owen.—Some Reptilian remains from South Africa, 289.

E. Hull.—South-easterly attenuation of the Lower Secondary rocks

of England, 291.

H. Falconer.—Ossiferous cave near Palermo, 292.

A. de Zigno.—Jurassic Flora, 293.

J. Buckman.—Fossil reptilian eggs, 294.

J. Phillips.—Sections near Oxford, 294.

P. Egerton.—Fish of the Old Red Sandstone, 294.

J. Lancaster and C. C. Wright.—Sinking for coal at Shireoaks,

Notts, 296.

A. R. C. Selwyn.—Geology of Southern Australia, 297.— Bache.—Gulf-stream, 297.

Z. Thomson.—Fossil whale in Vermont, 299.

W. P. Blake.—Geology of a part of the Rocky Mountains, 301.

H. Ste.-Cl. Deville.—Aluminium, 313.

Leonhard unci Bronn's Neues Jahrbuch fiir Min. u. s. w. Jahrgang
1859. DrittesHeft.

A. Erdmann.—Geologische Forschungen in Schweden, 257.

P. Reinsch.—Untersuchung versteinerten Holzes in den Monotis-
Kalken des obem Lias in Franken (plate), 263.

— Kaup.—Ueber Machcerodus cultridens, 270.

J. C. Deicke.—Brande im Diluvialkohlen-Bergwerke zu MSrsehwyl
in St. Gallen, 272.

A. Pichler.—Verkaufliche Gebirgsarten-Suiten aus den Kalk-Alpen
Tyrols, 276.

Notes on Books, Minerals, Fossils, Geology, &e.

III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Italics.

Babbage, O. Observations on the discovery, in various localities, of

the Remains of human Art mixed with the Bones of Extinct races

of Animals. 1859.

Barrande, J. Etat actuel des connaisances acquises sur la Faune
Primordiale. 1859.

——. Extension de la Faune Primordiale de Boheme.

. Observations sur quelques genres de Cephalopodes Silu-

riens.

Campani, G., and C. Toscani. Su i terremoti awenuti in Siena nell'

Aprile del 1859. 1859.

Cocchi, J. Geologia dell' Isola di Sardegna. 1859.
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Daubree, A. Memoire sur la relation des sources thermales de

Plombieres avec les filons metalliferes, et sur la formation con-

temporaine des Zeolithes. 1859.

Davidson, T. Memoire sur les Genres et les Sous-genres des Brachio-

podes munis d'appendices spiraux, et sur leurs Especes decouvertes

dans les couches carboniferes des lies Britanniques. Traduit par

L. de Koninck. 1859.

Defence of Mr. Gould by the Scientific Council of the Dudley Ob-
servatory. 1858. From the SmitJisonian Institution.

Delesse, A. Eecherchos sur l'Origine des Boches. 1859.

Desnoyers, J. Sur des Empreintes de pas d'animaux, dans le

Gypse des Environs de Paris. 1859. From Sir G.Lyell, V.P.G.S^

Fantuzzi, M. G. Osservazioni di Geogonia (L'Album Boma). 1859.

Forbes, E., and B. Godwin-Austen. The Natural History of the

European Seas. 1859.

Foidke, W. P., and J. Leidy. Account of the Bemains of a fossil

Extinct Beptile discovered at Haddonfield. 1859.

Gaudin, C. T. and G. Strozzi. Contributions a la Floro Fossile Ita-

lienne. Second Memoire. Yal d'Arno. 1859.

. . Troisieme Memoire. Massa Marittima. 1859.

Gaudry, A. Contemporaneite de l'cspece humaine et de diverses

especes animales aujourd'hui eteintes. 1859.

Gemmellaro, G. Sunto del Giornale delle Enuione dell' Etna del

1852. 1853. From Sir G. Lyell, V.P.G.S.

Gould, B. A. Beply to the " Statemont of the Trustees " of the

Dudley Observatory. 1859. From the Smithsonian Institution.

Harting, P. De Bodem onder Amsterdam. 1852. From Sir G.

Lyell, V.P.G.S.

. De Bodem onder Gorinchem. 1853. From Sir G. Lyell.

. Hot Eiland Usk. 1853. From Sir G. Lyell, V.P.G.S.

Hebert, E. Note sur les caracteres palcontologiipics de la craie de

Meudon. 1859.

. Bapport fait h la Section des Sciences du Comite des So-

cietes Suvantes, lo 22 Deccmbro 1858. 1859.

. Bapport fait ii la Section des Sciences du Comite des So-

cietes Savantes, le 21 Fevrier lsjl).

Ilenness)/, II. On the thickness and structure of the Earth's crust.

1859.

Hochstetter, F. Lecture on the Geology of the province of Auck-
land, New Zealand. 1Nj!>. From the Colonial Secretary's Office.
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Holmes, F. 8. Post-Pliocene Fossils of South Carolina (in 3 parts).

Nos. 1-5. 1858.

Hueber, G. L. Litb.ograpb.ia3 Wirceburgensis specimen primum.

1726. From Dr. J. W. C. Martins.

Huxley, T. H. Oceanic Hydrozoa (published by the Pay Society).

1858. From the Ray Society.

King, W. Sequel to the " Historical Account of the Invertebrata

occurring in the Permian Pocks of the North of England." 1859.

Lachlan, R. A paper and resolutions in advocacy of the establish-

ment of a uniform system of Meteorological Observations through-

out the whole American Continent. 1859.

Lartet, E. Sur la dentition des proboscidiens fossiles (Dinotherium,

Mastodontes et Elephants) et sur la distribution geographique et

stratigraphique de leurs debris en Europe. 1859.

Lea, I. Description of a new Helix and two new Planorbes.

—. Descriptions of eight new species of Unio from Tenessee,

Alabama, and North Carolina. 1859.

—— . Descriptions of four new freshwater Molluscs from Darien

and Honduras. 1859.

. Descriptions of seven new species of Margaritance and four

Anodontoj. 1859.

. Descriptions of twelve new species of Uniones, and other

freshwater shells of the United States. 1859.

. Descriptions of twenty-seven new species of Uniones from
Georgia. 1859.

. Observations on the Genus Unio. Vol vi. Part ii. 1859.

—— . Pelnarks on some Unionidw. 1859.

—— . Pemarks on the enormous production of the Unionidai.

- Pemarks on the Greensand Eormation of New Jersey.

—— . Pemarks on the Permian of the United States. 1859.

—— . Pemarks on the Unionidaz of Nebraska territory and lied

Piver of the North. 1859.

Lyell, O. Pemarks on Professor C. P. Smyth's supposed proofs of

the submarine origin of Teneriffe and other volcanic cones in the

Canaries. 1859.

M'Clelland, J. Sketch of the Medical Topography, or Climate and
Soils, of Bengal and the North-West Provinces. 1859.

Martius, C. F. P. v. Erinnerung an Mitglieder der mathematisch-
physikalischen Classe der K. Bayr. Akad. der AVissenschaften. 1859.
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Maurer, G. L. v. Rede bei der hundertjahrigen Stiftungsfeier der

Konig. Akad. der Wissensehaften. 1859.

Meekins, T. C. M. Parliamentary Reform. Should the Colonies be
represented ? 1859.

Michelin, II. Note sur le Conocli/peus conoideus, Agass.

. Revue des especcs connues et nouvelles du Genre Mellita,

famille des Clypeastroides.

Mouat, F. J. Selections from the Records of the Government of

India (Home-department). No. 25. The Andaman Islands ; with
notes on Barren Island. 1859.

Oppel, A. Classification de la formation Jurassique d'apres les

caracteres paleontologiques. 1859.

. Die neueren Untcrsuchungen iiber die Zone der Avicnla

contorta, &c. 1859.

Page, I). Advanced Text-Book of Geology. 2nd Edition. 1859.

—— . Handbook of Geological Terms and Geology. 1859.

Papers relative to the Exploration by Captain Palliser of that portion

of British North America which lies between the northern branch
of the River Saskatchewan and the frontier of the United States,

and between the Red River and Rocky Mountains. 1859.
From the Colonial Office.

Ponzi, G. Storia naturale del Lazio ; discorso letto alia pontificia

Accademia Tiberina. 1859.

Quetelet, A. Sur les travaux de l'ancienne academic de Bruxelles.

Peeve, L. Conchologia Iconica : Monograph of the genera Grepidula,

Anomia, and Placunanomia. 1859.

Reports of Exploration and Surveys to ascertain the most practicable

and economical route for a railroad from the Mississippi to the

Pacific Ocean, 1853-6. Vol. ix. 1858. From the United Stat,*

Government.

Hose. (•'. Ueber die heteromorphen Zustiinde kohlensaurer Kalkerde.

Zweite Abtheilung. 1 S.V.).

Sehlagintrreit, II. and P. Official Reports on the last journeya and
the death of Adolphe Sehlagintweit in Turkista'n. I
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Stide.l, L. Untersnchnniren iiber die Liehtstiirke der Planeten Venus,
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Stader, B. Ueber die Iliigel bei Sittcn im Wallis.

Thieroch. G. F. v. Rede zur Vorl'eier des Gebiirtsfestes Seiner Ma-
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Tiiomev, M. Second biennial Import on the (ieolo^v of Alabama.

1868. From Sir C. Li/ell, V.P.G.S.
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Matthew Moggridge, Esq., Swansea, Frank Johnstone Mitchell,

Esq., Newport, Monmouthshire, and Thomas Wright, M.D., Chel-
tenham, were elected Fellows.

The following communications were read :

—

1. On the Ossiferous Grotta di Maccagnone, near Palermo.
By Dr. H. Falconer, F.B.S., V.P.G.S.

[This communication was made in a letter addressed to Sir C. Lyell, V.P.G.S.,

and dated Palermo, March 21, lS.V.t. In June Dr. Falconer, having returned

home, and his specimens having been examined, read a further and fuller com-
munication on the same subject before the Society on the lilind of June. By
permission of the Council the following abridgement of the Memoir, comprising
the information given in the first communication, is here published in place of

the Letter.]

[Abstract.
]

Pit. Falconer first described the physical geography of that portion

of the north coast of Sicily in which the ossiferous caves abound,

namely between Termini on tin- east and Trapani on the west. The
geological structure of the tract hail been ably investigated and
mapped by Hoffmann. A great ina^s of llippurite-liinestone

stretches from Termini to the eastern side of the Hay of ('ustella-

mare, which on the side towards Termini forms nigged precipitous

or scarped cliffs skirling the .sea-shore. I'rom Cape Zaffarann to

Capo di Gallo, a distance of about twenty miles, the coast-line is

VOL. XVT.— PART I. I
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deeply indented by the Bay of Palermo ; west of Capo di Gallo there

is a smaller indentation, backed by Carini ; and still further to the

west there is the deep Gidf of Castellamare. At the bottom of these

indentations the mountains of Hippurite-limestone recede from the

coast, forming inland precipitous cliffs or rugged slopes, from the

base of which stretch slightly inclined flats of marine Pliocene

deposits, which disappear under the sea. These latter form nearly

horizontal strata of a calcareo-argillaceous sandy breccia, full of

marine shells and fragments of corals, &c. Philippi identified 209
species of Mollusca from this deposit in the neighbourhood of Pa-
lermo, the great majority being of living species. The ossiferous

caves had been known from remote antiquity, and notices of them
occur in Valguarnera, II Mongitore, and other Sicilian historians.

The botanist Cupani had figured and identified some of the bones.

The author's investigations had been directed to the caverns near

Palermo and Carini. At Palermo the littoral pliocene plain, cele-

brated for its richness as the " Concha d'Oro," or shell of gold, is

from a mile to 1-| mile broad, and where it abuts against the Hip-
purite-rocks is from 180 to 200 feet above the level of the sea.

The ancient Pliocene sea-margin is very distinctly seen at this

elevation all round the bay, and the ossiferous caverns chiefly occur

at from 30 to 50 feet above this level. Some of them, such as the
" Grotta di Belliemi," are at a higher level. The caves are studded

all round the bay. The Hippurite-limestone hills skirting the

coast are here from 1200 to 1800 feet above the sea ; some of the

heights more inland, such as Monte Griffone and Monte Cuccio,

attain a height of upwards of 3000 feet.

The best-known of the caves is the " Grotta di San Ciro," or

" Mare Dolce," at the foot of Monte Griffone, about two miles from
Palermo, and 50 feet above the pliocene terrace. This cave had been

described by the Abbe Scina in a special report, and after him by
Turnbull-Christie and by Hoffmann. It is about 130 feet long,

50 feet high, and 30 feet wide in the middle. The cave had been

hollowed out into a well-marked, irregular, basin-shaped depression

near the mouth, where obscurely stratified and other deposits occur

to a depth of 30 feet in the aggregate. On the bottom was found a

thin layer of sand, in which Philippi detected 44 species of 23 genera

of marine Mollusca. Above this there is an enormous mass of bone-

breccia, consisting of closely-crammed bones, cemented into a hard
rock by an argillaceo-calcareous concrete matrix, and forming a

thickness of 20 feet ; above this a stratum of stones and bones, more
sparingly mixed and similarly cemented, to a depth of 2 or 3 feet

;

then a layer of " Lastroni," or blocks of limestone, to a depth of

6 feet ; and above all a layer of ochreous earth and rock-splinters to

a depth of 1 foot. The bones in this breccia are mineralized by cal-

careous infiltration. The interior and back part of the cavern was
covered by a layer of light and incoherent argillaceous soil, contain-

ing an enormous quantity of bones, chiefly of Hippopotami, nearly

devoid of gelatine, and in the ordinary friable condition of grave-

bones. The relations of this deposit were never accurately observed,
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in consequence of the rubbish of the excavation-operations having

been thrown up in a great mass of talus extending backwards to near

the roof of the cavern.

In 1829 there was a great demand for bones for the manufacture

of lamp-black for sugar-refining. The superficial bones of the San

GSro cavern were collected in large quantities and exported to Eng-
land and Marseilles. Professor Ferrara states, that within the first

six months 400 quintals were procured from San Giro. The great

majority belonged to two species of Hippopotamus. In one heap,

out of several shiploads sent to Marseilles, De Christol, an able

palaeontologist, had found that in a weight of 30 quintals all the

bones belonged to Hippopotamus, with the exception of six derived

from Bos and Germs. Dr. Falconer had examined in detail the San
Giro collection in the University of Palermo, and found, as a general

rule, that Hippopotamus bones preponderated in a similar propor-

tion. De Christol had counted about 300 astragali alone of this

genus ; and Abbe Scina had collected, for the Museum of Palermo,

70 astragali of Hippopotamus, 4<t of which belonged to the right

side and 36 to the left. The bone-breccia is chiefly composed of

bones of Hippopotamus, and extends on either side outside the cave

to a length of about 85 yards. Assuming the above ratio of astra-

gali to the other bones as a standard for an approximative estimate

of the number of the skeletons inside and outside the cavern, the

author showed what a vast number of individuals it implied. He
considered that they were accumulations of a long series of genera-

tions, A lively discussion baring arisen in Sicily as to the origin of

these bones, in which Ferrara maintained the opinion that they con-

sisted of the skeletons of Elephants captured by Metellus from Has-
dmbal 504 years before the Christian era, and of Hippopotami im-
ported by the Saracen rulers of Sicily during the Middle Ages, the

government undertook an exploration of the cavern. A deep trench

was dug longitudinally into the cavern ; and the bone-breccia was
quarried out, along a considerable extent, down to the floor of the

cavern. Some very interesting phenomena were disclosed. The
eastern wall (left, on entering) was found to be smoothly polished to

a height of IS feet, the lower 8 feet of which former] a band thickly

drilled with Pholad-borings. The holes were tilled with matrix of

the bone-breccia, and they were greatly reduced in depth by the

grinding action which had produced the polished surface. The op-

posite wall of the cavern was equally polished to the same height, hut

free from borings. The walls above the polished band, and the

roof, were rugged and cancellar, with but a very sparing exhibition

of stalagmite on the hitler. The author had identified from Ban
Ciro two species of Hippopotamus, F,l< pitas antitpius, Kus, /Ins. Cirrus.

I'rsus, Cauls, ami a huge species of /ulis. Elrphas antiipnis else-

where indicates the newer IMiocene age.

Another cave, hitherto undeseribed, called the " (irotta di Mue-
caguone," about a mile to the westward of Carini, was lately the

special subject of the author's research. It is nowhere noticed bv

the Sicilian historians. Dr. Falconer's attention h id been directed

i 2
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in that quarter by J. Morrison, Esq., a resident merchant of Palermo,

who had many years ago procured fossil bones from the neighbour-

hood of Carini, which are now displayed in the Museum of the Col-

lege of Surgeons. The author was under great obligations to the

kind services, scientific aid, and hospitable cares of Baron Francesco

Anca (di Mangalaviti) and Professor Angelo Porcari, of the Univer-

sity of Palermo, who accompanied him in all his visits to Carini,

and cooperated with him in the excavations carried on in and near

the Maccagnone Cave. Their assistance applied to every walk of

the exploration. The cave is situated on the north-eastern side of

Monte Lungo, near its base, and about a mile and a half from the

sea. Like San Ciro, the Maccagnone Cave is about 50 feet above the

termination of the pliocene marine terrace where it abuts against the

Hippurite-limestone, and at a corresponding elevation above the sea

;

both caves partaking in many respects of common physical characters.

But in its form, and some of its deposits, the Maccagnone Cavern dif-

fers materially from San Ciro. It is much broader and more sinuous

at the sides than San Ciro, with several large cul-de-sac expansions
;

but not so long ; and the roof is much lower, being but 11 feet high

at the principal entrance, and about 10 feet in the middle. There

are two entrances, the principal of which is 25-1- feet wide, and open

down to the floor : the other, on the same side of the hill, is a much
smaEer, irregular aperture, in connexion with an irregular expansion

of the cavern at its south-eastern corner, into which it descends.

The author gave the principal dimensions, which were accompanied

by a ground-plan and section (figs. 1 & 2). The uppermost layer

of the floor consists throughout of loose, argillaceous, finely pul-

verized soil, containing large imbedded blocks of limestone ; beneath

this, in the section below the mouth, was a thick deposit of the ochre-

ous loamy earth (called "Cave-earth"), containing blocks of lime-

stone
;
then, in thick patches, a reddish-grey and mottled spongy

loam, cemented by calcareous infiltration, and very cellular, called

from its appearance, by the peasants who were employed on the ex-

cavation, " Ceneri impastate," or " concrete of ashes ;" and below all,

stretching on either side of the mouth, as at San Ciro, a great ag-

gregation of bone-breccia, full of bones of Hippopotamus, among
which the author in four days collected a very large number of

astragali. The whole of the bone-breccia was strewed over with

huge blocks of limestone which had fallen since its deposition. No-
thing is known of the nature of the inferior deposits down to the floor.

The author thinks it probable that there may be a great accumula-

tion of bone-breccia below, with polished and bored walls, as in San
Ciro ; but the excavations requisite to establish this were too labo-

rious and extensive for the limited time at his disposal. The interior

of the cavern is coated over throughout by a crust of rough, reddish

or ochreous stalagmite. The surface-layer of the floor had been

previously dug for fossil bones as far back as 1830, and but few
remains were found in it. One—an important specimen—was a

milk-molar of Elephas antiquus. At the side below the southern wall

of the cavern, and about halfway in, a thick layer was observed of
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Fig. 1.— Vertical Section of the Grotta di Maccacjnone.

g. Roof-breccia in the back of the cavern, coated with stalagmite.

f. Roof-breccia cemented to the ceiling.

e. Stalagmite coating the ceiling of the cave.

d. Humatile layer, with blocks of limestone.

c. Yellow ochreous bed. or "cave-earth," with blocks.

b. Grey cancellar deposit.

a. Bone-breccia, with blocks of limestone.

w. Wall of the entrance.

Fig. 2.

—

Ground-plan of the Grotta di Maccagnone.
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the " Ceneri impastate " immediately below the superficial earth,

and corresponding exactly with the " Ceneri impastate" seen in the

section outside below the principal aperture. The attempts at making
a section of the floor were frustrated by the great blocks of lime-

stone, which impeded the operations throughout. In the superficial

layer, besides Elephas antiquus, horns of two extinct species of

Cervus were found, besides other bones of Ruminants, but all in

small quantity : in the ochreous cave-earth below the mouth, abun-

dant coprolites of Hycena, with fragments of detached bones of Hip-
popotamus, and some astragali : in the " Ceneri impastate " below

the main aperture, metacarpal and metatarsal bones of a species of

Felis as large as F. spelcea, but not yet specifically identified ; some
remains of a large Ursus, and numerous remains of small Rumi-
nants, all broken or splintered, but none of them bearing marks of

gnawing. In the " bone-breccia " below and outside the cavern,

the bones of Hippopotami very largely predominated. The author

dug up an enormous quantity of these remains within an area of 12
or 14 feet square. In an angular recess in the rock outside the cave,

and near the small opening, a very large quantity of coprolites of

Hysenas were observed, superficially imbedded in the " ochreous

earth." The quantity collected together would indicate that this

spot had been used as a common cloaca of Hysenas.

The author next described some remarkable conditions in the roof

of the cave. About halfway in from the mouth (fig. 1, /) and at

10 feet above the floor, a large mass of breccia was observed, denuded

partly of the stalagmitic covering, and composed of a reddish-grey

argillaceous matrix cemented by a calcareous paste, containing frag-

ments of limestone, finely preserved entire land-shells of large size,

splinters of bone, teeth of Ruminants and of the genus Equus,

together with comminuted fragments of shells, bits of carbon, specks

of argillaceous matter resembling burnt clay, also fragments of shaped

siliceous objects, of different tints, varying from the milky or smoky
colour of chalcedony to that of jaspery hornstone. This brecciated

matrix was firmly attached to the roof, and for the most part covered

over with a coat of stalagmite. In the S.S.E. expansion of the ca-

vern near the smaller aperture, a considerable quantity of coprolites

of Hycmce was found similarly situated, in an ochreo-calcareous ma-
trix, adhering to the roof, mingled with some bits of carbon, but

without shells or bone-splinters. In the back part of the cavern,

where the roof shelves towards the floor, thick masses of reddish

calcareous matrix were found attached to the roof, and completely

covered over by a crust of ochreous stalagmite (fig. 1, c/). It con-

tained numerous fragments of the siliceous objects mixed with bone-

splinters and bits of carbon. In fact, all round the cavern, where-

ever the stalagmitic crust on the roof was broken through, more or

less of the same appearances were presented. In some parts the

matrix closely resembled the character of the "Ceneri impastate"

with a larger admixture of calcareous paste.

"With regard to the fragments of the siliceous objects, the great

majority of them present definite forms, namely long, narrow, and
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thin
;
having invariably a conchoidal smooth surface below, and above

a longitudinal ridge, bevelled off right and left, or the ridge replaced

by a concave facet, in the latter case presenting three facets on the

upper side. The author is of opinion that they closely resemble, in

eveiy detail of form, obsidian knives from Mexico, and flint knives

from Stonehenge, Arabia, and elsewhere, and that they appear to

have been formed, by the dislamination, as films, of the long angles of

prismatic blocks of stone. These fragments occur, intimately inter-

mixed with the bone-splinters, shells, etc., in the roof-breccia, in

very considerable abundance ; other amorphous fragments of flint,

are comparatively rare, and no pebbles or blocks occur either within

or without the cave ; but similar reddish flint or chert is found in

the Hippurite-limestone near Termini.

In regard to the theory of the various conditions observed in the

Maccagnone Cave, the author considers that it has undergone several

changes of level, and that the accumulation of bonc-brcecia below

and outside is referable to a period when the cave was scarcely above

the level of the sea. Dr. Falconer pointed out the significance of the

fact that, although Hyoena-coprolites were so abundant against the

roof and outside, none, or but very few, of the bones of Hyaenas were
observed in the interior ; he remarked also on the absence of the

remains of small mammalia, such as Rodents. He inferred that the

cave in its present form, and with its present floor, had not been

tenanted by these animals. The vast number of Hippopotami im-
plied that the physical condition of the countiy must have been

greatly different, at no very distant geological period, from what ob-

tains now. He considered that all deposits above the bone-breccia

had been accumulated up to the roof by materials washed in from

above, through sinuous crevices or flues in the limestone, and that the

uppermost layer, consisting of the breccia of shells, bone-splinters,

siliceous objects, burnt clay, bits of charcoal, and Hya?na-coprolites,

had been cemented to the roof by stalagmitic infiltration. The
entire condition of the large fragile Jiclins proved that the effect had
been produced by the tranquil agency of water, as distinct from any
tumultuous action. There was. nothing to indicate that the different

objects in the roof-hreccia were otlu r than of rontemjioraneous origin :

subsequently a great physical alteration in the contour, alter-

ing the flow of superficial water and of the subterranean springs,

changed all the conditions previously existing, and emptied out the

whole of the loose incoherent contents, leaving only the portions

agglutinated to the roof. The wreck of these eject a was visible in

the patches of " Ceneri impastate," containing fossil bones, below the

mouth of the cavern. That a long period must have operated in

the extinction of the Hyama. Cave-lion, and other fossil species, is

certain; but no index remains for its measurement. The author

would call the careful attention of cautious geologists to the infer-

ences:—That the Maccagnone Cave was tilled up to the roof within

the human period, so that a thick layer of bone-splinters, teeth,

land-shells, Hyienas' coprolites, and human objects was agglu-

tinated to the roof by the infiltration of water holding lime in sola-
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tion. That subsequently, and within the human period, such a great

amount of change took place in the physical configuration of the

district as to have caused the cave to be washed out and emptied of

its contents, excepting the patches of material cemented to the roof

and since coated with additional stalagmite.

List of Fossil Shells found in the " Grotta di Maccagnone," as determined

by Padre Lebassi, Curator of the Museum of the " Gollegio Massimo dei

Gesidti" in Palermo, 18th March, 1859.

Where found. Remarks. Remarks by Padre Lebassi.

r

1. Helix Mazulii \

Roof -matrix, 1

back part of >

cave. J

Koof-matrix.

Roof-matrix. {

I

Roof-matrix.

A solitary shell,

partly broken.

Very abundant:
shells in perfect

integrity.

J Very rare in Sicily in

\ the fossil state.

r Very abundant in the

< living state : like H.

[ Mazulii.

j

1

Very common in the

< living state : rare

[_ fossil.

( Very common in liv-

1
ing state: not ob-

1 served fossil by

^ Philippi.

Very common : living.

C
Very rare in the sea

•J

around Sicily : very

[ common fossil.

2 f Helix aperta (Born.)
^

'

\ (H. naticoides, Drap.) J

3. Helix vermiculata

4. Helix cellaria (Miiller) . <

.

5. Trochus fragaroides (Lam).

6. Patella ferruginea (Linn.) ..

I
A solitary spe-

cimen.

Note.—The author has lately received a letter from Baron Anca
di Mangalaviti, dated Palermo, the 12th of March, intimating that

he had followed up the Cave-researches which form the subject of

this communication, with important results. He had discovered

two caves, hitherto unknown to naturalists,—the one in Monte
Gallo, which forms the western boundary of the Bay of Palermo

;

the other in the north of Sicily, at the foot of Monte San Fra-
tello, near the village of Acque Dolci. In both caverns, but more
especially in the latter, Baron Anca found an immense accumulation

of fossil bones, among which there was " une prodigieuse quantite

d'os des Carnivores." This is the more remarkable, as in the Caves
of San Ciro and Maccagnone Garnivora were but very sparingly

encountered.

With regard to the flint objects discovered in the Maccagnone
Cave, he adds,

—

" J'ai egalement rencontre dans les deux grottes une grande quan-
tite de Silex en armes, lesquels, chose remarquable, on ne voit gene-
ralement que la ou il y a des grands depots d'ossements de cerfs, et

jamais ailleurs. Enfin des Coprolites des Carnivores, et une autre

espece de Coprolite, que je suppose appartenir a des animaux herbi-

vores."

The further development of Baron Anca's researches will, in all

probability, throw much light on the subjects discussed in this com-
munication.—H. F., 5th April, 1860.
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2. On some Fossil Reptilian Eggs from the Great Oolite of Ciren-

cester. By Professor J. Blckjian, F.G.S., F.S.A., F.L.S., &c.

The fossils which form the subject of this notice, were obtained by

one of my pupils (Mr. Dalton), from the Hare-Bushes Quarry, about

one mile to the east of Cirencester.

This quarry, which is largely worked for the use of its freestone,

offers a good section of the upper beds of the Great Oolite of Glou-

cestershire,—the alternations of their bands of stone and partings of

clay marking that unsteadiness of character by which the Bradford

Clay and the Forest-marble appear to have commenced their deposi-

tions, the Bradford Clay (that is, a marly bed containing the fossils

originally observed at Bradford, such as the Apiocrinus rotundus,

Terehratula digona, T. coarctata, and T. cardium) being only local, but

still observable in many positions both to the east and west of the

Hare-bushes—the most remarkable being at the Acman-street or

Tetbury-road Station, about two miles to the west of the Royal Agri-

cultural College, where the bed is about eight feet thick in its

deepest part, and whence Mr. Woodward obtained no less than 127
species of fossils.

Where, however, the bluer clays set in, marking the true Forest-

marble, these will be found to contain but few fossils ; at the same
time, their position is well marked by their always resting on the

upper, obliquely laminated, bed of the Great or Bath Oolite, as shown
in the following

Section of the, Hare-Bushes Quarry.
ft. in.

1. Surface-Soil (brashy) 1

|3 I
2. Thin bands of freestone, separated by marly

| | [
partings, blue and vellow 5 <)

3. A white freestone, with oblique bedding, very deci-

dedly oolitic 8

4. A very white or cream-coloured freestone, in rough

nodular blocks 2

5. Beds of freestone in blocks (equivalent to the Bath

building-stone) in which oblique lamination is usually

only visible after long exposure (bottom of quarry). . . 1 »»
<"»

20

The specimen containing the fossil eggs (see Figs. 1 and 2) was

found in the stage marked 4, and consists of the characteristic stone.

It is, however, to be regretted that, from not having myself taken it

from the quarrv, I can form no conclusion as to the manner in which

the eggs originally lay in the bed, though I should almost think they

formed the upper part of the specimen.

There can be no doubt, however, as regards the general nature of

this portion of the Oolitic deposit, that it was accumulated on a

widely shelving beach, or in a very shallow sen, as the oblique In mi -
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nation of the rock, the occasional pseudo-ripple-marks which the

strata present, and the abundant fragments of fossil wood which are

included in most of the blocks of stone, amply testify.

Fig. 1.

—

Block of Oolite, with an imbedded group of Eggs, of which

eight are seen. Reduced \.

1 . Egg filled with crystals of carbonate of lime.

2. Egg, having the interior lined with crystals of carbonate of lime. This egg
has been laterally squeezed, especially towards one end.

3. Egg partly exposed.

4. Cavity left by another egg, which has been removed, and is figured separately

(% 2).

5. Hollow left by the removal of a specimen ; at a a small, round, concentrically

marked, low conical patch of carbonate of lime remains.

G, 7, & 8. Indications of other eggs.

Fig. 2.

—

One of the Eggs, of the natural size.

The specimen is filled with crystallized carbonate of lime, and is fractured along
its greatest diameter : and the surface exhibits a slight ridge that has been
occasioned by pressure when the egg was flexible.

As regards the specimen itself, it may be described as a cluster of

the remains of at least eight eggs, of a uniformly ovate, not ovoid
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shape. A specimen freed from the matrix (fig. 2) has the following

proportions :

—

The separated example, as well as some of the imbedded eggs, is

more or less filled with transparent crystals of carbonate of lime.

The shells of all (if they were originally of calcareous matter) ap-

pear to have been very thin, as some of the eggs are distorted by
compression in such a manner as seems to bear evidence of a large

amount of flexibility : there are no decided traces of fracture, though
some of the individuals are greatly flexured.

From their clustered grouping we may, I think, conclude that they

form but a part of a larger collection which were deposited in the

calcareous sand of the shallow waters of the Oolitic sea
;
and, from

the circumstances of the abundant presence of the following shells

in blocks of the surrounding Oolite, notwithstanding the occurrence

of bits of wood, as these always bear traces of having been drifted,

the conditions were entirely those of a marine character :

—

Cardium Buekmanni, and another. Pectcn lamellosus, and others.

Lima cardiitbrmis. Ostrea jurassica.

Pecten lens. Terebratula maxillata.

In commenting upon the nature of the creature by which these

eggs were deposited, we shall find that the subject is so new, and
these specimens indeed are so unique, that as yet, from the paucity of

evidence, remarks upon this subject can be little more than conjec-

tural. We have, however, organic remains now before us, of the

same age, and from the same district, which point to the existence

of Chelonian and Saurian Reptiles in these ( )olitic beds.

Dermal scutes of Turtles have been obtained from the Bradford

Clay of the Tethury Road Station, which.it' present at the Hare-
bushes, would occupy a position upon bed No. 3 of our section. But
we may discard the notion of the eggs having belonged to a Turtle,

since, though the ends of these examples are bluntly rounded, yet the
proportions will show that they are far removed from the spherical

shape which characterizes the eggs of this class of reptiles. There is.

then, more probability of these fossil eggs having belonged to one of

the Saurian creatures, the remains of which are not uncommon
throughout the Oolites ; but, upon the supposition that the Ichthyo-

saurus and /'/tsiosaiirus were true oviparous reptiles, 1 should con-

clude that the eggs in question were too small to have been deposited

by any of the Knaliosaurian species the remains of which 1 have as

yet detected in the (Jreat Oolite

It has been suggested that the eggs may have been those of a

» Teleosaurian Keptile ; and it may be so, since remains of 'J', /nisaums
have been found in the Stoiu siield Slate, at the bottom of the Hath
Oolite, and in the Bradford Clay at the top. and since, in all proba-
bility, some of the fragmentary reptilian bones BO often occurring in

inches.

Length
Breadth

Circumference of its long axis

Circumference of its short axis
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the Great Oolite may belong to the same form of reptile,—the size of

the eggs being such as I could conceive might have belonged to one

of these creatures. At the same time it must be confessed that, as

yet, direct evidence is wanting upon the matter ; I must therefore at

present content myself with having described the conditions under
which the subject of the present memoir was found, regretting that,

as its discovery is due to a pupil (the late Mr. Dalton) who has since

died, I cannot be so minute upon this point as I could wish. I am
keeping, however, a sharp look-out in the Oolites of my own neigh-

bourhood for additional specimens, and I hope the publication of

these remarks may cause others to do the like.

I venture to propose for this specimen the provisional name of

Oolithes Bathonicce.

3. Some Observations on the Floea of the Oolite.

By Baron Achille de Zigno.

[Communicated by C. J.F. Bunbury, Esq., F.K.S., F.G-.S.]

In presenting to the Geological Society of London the Second Part

of my ' Flora of the Oolite,' I wish to submit to the Society some
explanations and some observations on the work I have undertaken.

The comparative study of the numerous materials discovered in

the beds subjacent to the Oxfordian group of the Venetian Alps has

rendered it necessary to pass in revision all the species belonging to

the Oolite that are at present known.
Although I am quite aware of the difficulty of the task which I

have imposed on myself, and of the numerous imperfections which
must be inevitable in a general work of this nature, in the present

state of our information on this subject, still I have not hesitated to

undertake it, encouraged as I am by the hope, that in any case it

may be of some use to those who woidd wish to undertake the study

of the Flora of the Oolite.

The publication of the generalizations which are usually placed at

the beginning of a work has been purposely postponed by me, in

order that I might profit by new discoveries, and thus present as

complete a view of the subject as possible.

The sketch of these generalizations (from vol. vi. of the ' Memoirs
of the Imperial and Royal Institute of Venice ') which I had the

honour of presenting to the Society last year, will undoubtedly be

perceptibly modified by the new facts which may hereafter enrich

science. I accordingly published in 1856 a short review of facts

on the geographical extent, on the geological distribution, and on
the analogies of the flora of the Oolite with those of the Keuper,

of the Lias, and of the "Wealden group, in order to excite the men of

science who live in those geological districts to the publication of

materials which have not yet been made known, or at any rate to .

induce them to communicate such corrections as their information

may lead them to consider necessary, and Avhich will thus be brought

to bear upon science.
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In the memoir ' On the Flora of the Oolite,' of which I have been

speaking, I have passed in review the different localities of the globe

where vegetable remains have been found in Oolitic beds. In this

enumeration it will be seen that I cite the phytolitiferous deposits of

Scania, those of Richmond in America, as well as those of India and

of Australia. But these deposits still require detailed study as

regards their stratigraphical position and their paleontology before

they can be placed definitely in the Oolite ; and we also want posi-

tive and detailed information on the beds with Cycadaceae and Ferns

in South Africa, mentioned at the meeting of the British Association

in 1851 as discovered by Dr. R. N. Rubidge.

It is well known how the deposits of Scania have been by turn

placed in the Lias by Brongniart,Hisinger, and Braun, in the Wealdcn
group by Mantell, and in the Oolite by Nilsson and Forchhammer.
I am inclined to think that in Scania there may be two phytolitiferous

beds,—the lower one containing plants of the Lias, the other con-

temporary with the lower Oolite group. As to the analogies which
may exist between one part of their flora and that of the "Wealden

group, I have already pointed out the existence of these analogies

among the floras included between the Keuper and the Neocomian
formation. (See the memoir above quoted.)

As regards the beds of Richmond in America, it seems that the

materials recently discovered would authorize us to exclude them
from the Oolite.

I had begun to occupy myself in my ' Flora ' with the fossil plants

of Richmond, when, after the printing of the eighth sheet of the text. I

saw it announced in the ' Xeues Jahrbuch ' of Leonhard andBronn,
that the specimens of plants found in this locality by Br. Emmons, and
examined by Professor Heer, present the characters of a more ancient

flora, and that Sir Charles Lyell, after inspecting some specimens

brought by M. Jules Marcou, is inclined at present to place them as

low as the Trias. If these last observations are confirmed, the

plants of Richmond would be naturally excluded from my ' Flora.'

The Indian strata with fossil plants, where species have been

found identical with those of Yorkshire*, maybe placed, I think (if

not with certainty, at least with much probability, particularly after

the investigations of Messrs. Ilislop and Hunter), in the lower group
of the Oolite.

This would not be the case with those of Australia, if the obser-

vations made in 1K47 by the Rev. Mr. Clarke were confirmed ; for

he mentions in these deposits the presence of the genera Sit/ilhiria,

Lepitlwhwlrun, and fit'ujumria, which would settle the question.

But I am not aware that the facts thus cited have been since verified.

On the contrary, no mention is made of these genera in the works
of Messrs. Morris and M-Cov. in which we are presented with a

series of forms among which, together with local types analogous to

those of India, there are species which recall the Jurassic flora ,,f

Scarborough.

* Sec Mr. Bunl>ury'f> Note in the A|>|MMirlix
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The conscientious labours of these two last-mentioned men of

science have made me decide to include these localities in the geo-

graphical range of the flora of the Oolite.

Some of these forms are represented in the part of my work that

I have now the honour to present to the Society, which contains

almost all the Catamites of the Oolite ranged according to the classifica-

tion lately adopted by Dr. Ettingshausen, who, after observations on

a great number of well-preserved specimens, has united the Astero-

phyttites to the Catamites. To avoid the multiplication of names, I

have left provisionally the Vertebraria and Trizygia of Forbes Royle

in the genus Sphenophytlum • at least I thought it better to do so,

until more developed specimens should unveil to us the real nature

of these vegetable forms.

The characters deduced from the sheath, the border of which is

divided into strips, or foliaceous appendages, have made me refer to

the genus Phytloiheca two new forms, belonging to the Oolite of the

Venetian Alps, figures of which will be found in plates 7 and 8 of

the second Part of my work, which these notes accompany. Lastly,

this second Part also contains the description of two new Equiseta

from the same locality, the figures of which have appeared in the

first Part. As to the description of the objects represented in plates

9, 10, 11, and 12, it will appear in the following Parts of my work.

In the meanwhile I request English palaeophj'tologists to give their

attention to these plates.

The reniform leaf (plate 9. fig. 2), with its principal veins twice-

forked, and its secondary veins anastomosing, presents the greatest

analogy to the sterile fronds of the recent Ptatycerium. The only

fossil genii s which has any resemblance to this figure is the genus

Proiorhipis of Dr. Andrae*, founded upon these same analogies.

The figures 3, 4, & 5 of the same plate (9) present other forms,

which will undoubtedly interest English men of science on account

of their resemblance to the Tympanophora of Messrs. Lindley and
Blutton, which M. Pomel has wrongly placed among the Atgce, and

which is certainly a Eern. These specimens, found in the mountains

of our neighbourhood, now confirm the fact which has been already

stated by Messrs. Bean and Bunbury. My figures show, in the

lower part of the leaf, traces of the foliaceous expansion of the pin-

nules, and present characters which induce me to consider this speci-

men as belonging to the group of Hymenophytteai.

Plate 10 represents two specimens of a plant belonging to the

Gleicheniacece, to which I have hitherto seen nothing analogous among
the plants of the Oolite, unless the bad specimen of the Pecopteris

Desnoyersii of Brongniart, found in the Oolite of Mamers, may be

considered related to this family.

Plate 11 gives figures of some remains which I do not hesitate to

refer to Odontopteris.

The genus figured in plate 12 contains species which appear in-

timately allied to, if not identical with, the Thinnfetclia of Ettings-

* Beitr. zur Kenntniss der foss. Flora Siebenbiirgens unci cles Banates. Ab-
handl. d. K. K. Geologisch. Reichsanstalt, vol. ii. part 3. art. 4. p. 36, tab. 8. fig. 1.
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hausen, and to the Pachypteris of Brongniart. M. Andrae, in the work
cited above, has already referred the Thinnfeldia to Pachypteris,

pointing out that the Sphenopten's Janceolata and the jS'i un)j>/<

laevigata of Phillips, cited by Brongniart as synonyms, have flabellate

veins, and want the character which Brongniart particularly men-
tions, that is to say, pinnules with one single midrib. It now re-

mains to find out whether in the Yorkshire beds there exist true

Pachypterides with this last character, which I doubt, but which can

only be ascertained by the geologists of England.

In the last place, I venture further to detain the Society by direct-

ing its attention to another plant, of which I shall give the analysis

in the third Part of my ' Flora.' It is the Equisetites columnaris,

which many authors have pointed out as being a species common to

the beds of the Keuper, the Lias, and the Oolite. This wide range

has hitherto not been disputed in any positive manner, although Stern-

berg and Bronn have remarked that probably different species were
intended. The character of the swelling of the articulations, pointed

out by Konig, is clearly seen in all the figures which accompany Sir

Roderick Murchison's memoir on Brora, as well as in that of the

work of Young and Bird ; while this swelling does not exist in the

specimens which are procured from other formations. M. Brongniart,

after saying that the sheaths are closely pressed to the stem, and
thus cause the appearance of a swelling, denies the existence of

those swellings pointed out by Konig. But the figures given by Bron-
gniart, in his ' History of Fossil Plants,' of specimens received from

Yorkshire, represent impressions pretty well preserved, and show
that these swellings exist, and are certainly not owing to the sheaths,

the delicate tissue of which could not have caused these impressions,

especially as they were, according to Brongniart, cauli arctt nj>j>/i-

cata . Moreover the figures in the memoir of Sir Roderick Murchison,

and those in the work of Young and Bird, present to us portions of

denuded stems without sheaths, the articulations of which are de-

cidedly swollen, so much so as to cause a considerable increase of the

diameter of the stem in that point.

I take the liberty of calling the attention of the Society to these

facts : for, after having compared these figures with specimens of the

Equisetites culu,,maris from the Continent. I am inclined to admit

that the plant illustrated by Konig is very different from this latter.

If an examination of the specimens from Hrora and from Yorkshire

confirm what T have just stated, I propose to give this species the

name of Equisttilhs Koenigii.

The materials found in the Oolite of the Venetian Alps give me
the opportunity of communicating some observations upon a plant

hitherto referred to the genus (rlossopt, r!s. that is to say. the (ilos-

soptiris lirouitlaiHt of Brongniart from the Oolitic (?) beds of India

and Australia.

In different localities of the Upper Veronese, I have found isolated

leaves, having. hv their form and their venation, a striking resemblance

to the figures of this species given by Hrongniart. Hut close to these

specimens 1 have observed others composed of four leaves (similar in
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all respects to those which are isolated) united together on a very

long common leaf-stalk, and forming thus a digitate frond, as in the

Sagenopteris.

The two middle leaves are obovate-spathulate, like those of

Glossopteris Browniana, while the lateral leaves are ovate-lanceo-

late and a little oblique. The largest leaves which I have found in

our neighbourhood are middle leaves, having a length of 11 centi-

metres, and a diameter (in the broadest part, which is towards the

extremity) of 4 centimetres and a half. The specimens from Italy,

like those of India and Australia (although I am not yet certain

of the identity of the species), have precisely the same disposition

of the veins (all of equal size) as the Sagenopteris, which also has

been observed by Mr. Morris in specimens from New South Wales.

(See Strzelecki's ' Physical Description of New South Wales and Van
Diemen's Land,' p. 247.)

Mr. Bunbury, to whom I have communicated these observations,

is inclined to agree with me on the point. He has also recognized in

specimens of the Glossopteris of India the venation belonging to the

Sagenopteris
;
and, in his answer to my letter, he announces to me

that the Glossopteris from the Indian strata has been lately found

with a frond digitated in the same manner as that of Sagenopteris* .

It remains to be ascertained whether the fructification of the

Sagenopteris is like that of the Glossopteris, such as Brongniart and

Goeppert have represented it in their plates. Some scattered dots on

the fronds of the Venetian specimens lead me to suspect it ; but

these are too rare, and too slightly indicated, to authorize one to

consider them with any certainty as traces of fructification.

The Oolitic beds of the Venetian Alps contain a great many re-

mains of Ferns, but the number of species is as yet very restricted.

Among these the forms are most of them new. The preservation of

the specimens is surprising, and some of them show fructification in

the most evident manner. Simple immersion in water saturated

with nitric acid is sometimes sufficient to separate the epidermis of

the two surfaces of the pinnules, and thus to observe the tissue

easily through a microscope. The abundance of Cycadece surpasses

that of Ferns ; there are a greater variety of species, and several of

these species seem nearly allied in form to those found in Yorkshire.

The Coniferai, though pretty numerous, do not present many species.

The Brachyphylla are the most common. Some very long leaves,

with parallel veins and amplexicaul base, present the characters of

the Poacites, which Brongniart has now placed in his new genus

PycJinophyllum ; and they seem to me to indicate, together with the

allied forms of Glossopteris Browniana (of which I have just been

speaking) and those that I refer to PhyllotJieca, a certain relation

between the Oolitic flora of this part of Europe and that of the

Jurassic (?) beds of India and Australia.

But these approximations which I advance here as simple conjec-

tures require to be submitted to a profounder and more extensive

* See Mr. Banbury's Note in the sequel.
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comparative study of species. I shall be happy if the materials

Avhich are being collected in my work shall in any way contribute to

this.

Note by C. J. F. Bunburt, Esq., F.G.S.

As 'I am at present engaged in a thorough examination of the
fossil plants (supposed to be Jurassic) from India, in the collection

of the Geological Society, and as I hope to lay the results of this ex-
amination before the Society in its next Session, I shall defer to a
future time the discussion of several questions raised by Sign, de
Zigno. I will merely observe at present, that I have great doubts
whether any of the species of fossil plants found in the Indian beds
are identical with those of Yorkshire. Certainly I have not yet seen
any that are so.

Sign, de Zigno quotes me as authority for the statement that the

Glossopteris of India has been found with a digitated frond like that
of Sagenopteris. I must observe upon this, that this fact does not
rest on my own observation. I merely mentioned in my letter that

I had heard that the digitated form of frond had been observed
in Australian (not Indian) specimens of Glossopteris Browniana.
Among the numerous specimens of Glossopteris, of more than one
species, both from India and from Australia, which I have now had the

opportunity of examining, I have not been able to discover any in-
dication of such a structure. The question, whether Glossopteris and
Sagenojyteris are sufficiently distinct as genera, is open to discussion ;

but, if it should be found advisable to reunite them, the name of
Glossopteris, as the older and quite unobjectionable, ought un-
doubtedly to be retained.-

—

March 1 859.

4. 0» some Sections of the Strata near Oxford.
By John Phillips, M.A., LL.D., F.R.S., Pres. Geol. Soc.

No. 1. The Great Oolite, in the Valley of the CherweU.

TnE value of exact records of the peculiarities of local sections is

strongly felt by every geological reasoner who touches problems of

the distribution of oceanic sediments, the boundaries of land and
sea, the mixture or alternation of tresh and salt water, or the local

origin and geographical diffusion of particular forms of life. This is

specially found to be the case while considering the lines of contem-
poraneity in the mesozoic strata of England, in which the influences

of diversified tracts of land and lines of shore, and of unequal sea-

depth and varying currents, are complicated by inequalities in the

duration of the several groups of organic remains.

In the district immediately surrounding Oxford, sections illus-

trating these causes of local diversity may have more than ordinary

interest at this juncture, since here some of the Oolitic strata are

supposed to die out. while below them the Upper Lias, and above

VOL. XVI. PART I. K
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them the Cornbrash, continue unchanged in mineral character and
unchanged in their organic contents ; and others, as the Kim-
meridge Clay and Coralline Oolite, are supposed to disappear, while

either the Wealden takes a great northern development, or the Lower
Greensand spreads out into an estuarine and fluviatile deposit. I

propose to present, on the present occasion, sections showing the base

and the top of the Great Oolite in the valley of the Cherwell. Here-
after I hope to offer similar data for the base of the cretaceous system,

at Culham, in the valley of the Thames.

No. 1. Junction of Lias and Oolite, north of Oxford.
ft. in.

g. Oolite, compact, marly, or shelly *

/. Oolite, of a rough shelly character

e. Marly clay

d. Brown ferruginous sands, and sandstone with calcareous

and irony layers 13
c. Upper Lias Clay, enclosing a band of ironstone-nodules 35

(Ammonites bifrons, A. heterophyllus, Belemnites api-

cicurvatus, &c.)

b. Marlstone, solid, ferruginous 20
a. Middle Lias Clay.

This section is exemplified about Steeple Ashton, where, in 1805,
it was first sketched by W. Smith*, who calls the beds by the title

of " Ovenstone," a term used in the valley of the Evenlode.

At Worton, between Steeple Ashton and Banbury, the details of d
were thus recorded in 1855 :

—

No. 2. Small shells and sand, resting either on limited ft. in.

patches of calcareous flagstone (" plank") or on
iron-ore 4

Oolitic iron-ore in undulated and folded masses . . 6

Stony bands, with plants 1

Sands, with nodules of iron-ore and shells 5 6

Calcareous band 2
Water issuing from ferruginous clay (top of Lias).

In the country about Sandford the beds marked d become white

and yellow sand (16 or more feet thick) with irregular laminae of

calcareous sandstone, more or less blue in the centre, called " plank."

This is sometimes covered by 6 feet of clay. It is the equivalent of

the Stonesfield Slate, but contains only few of the fossils of this

latter locality.

Ammonites heterophyllus is not known to me at any point further

to the south.

The railway-cuttings and quarries near Stonesfield expose sections

much resembling that given by Dr. Fittonf, especially in the cir-

cumstance that layers of clay or marly bands alternate with the

white oolite. The top of the rock is uneven, worn, marked by
attached Ostrece, and much drilled by perforating shells. Above

* Memoirs of W. Smith, p. 61. t Zool. Journal, 1827.
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this white oolite with Isastrcea, Ceromya, Nerincea, &c, and its

marly partings' is usually a dark clay, 4 feet thick, with carbonized

wood (jet). On this rests a variable series of shelly limestones and
soft argillaceous beds, varying much and within short distances,

being sometimes wholly calcareous and of the shelly character called

" rag." Cornbrash lies above, with the usual fossils, Nucleolites,

Holectypus, Avicula echinata, Pholadomya, &c.

The succession of the beds between the Cornbrash and Oolite is

well seen at the Kirtlington Station, north of Oxford, and in the

neighbouring quarries.

Section of the Strata at the Railway-station at Kirtlington, 8 miles

north of Oxford.

Ammonites Kwnigii, &c. Place of .

the Kelloway Rock.

Oxford Clav.

Ferruginous band-

White sandv band.

sa„dybcd.
—

—

Plant-remains and Cyrena....
Calcareous Nodules.

Plan t- remains. .. WHS

i. Cornbrash.

h. Forest-marble series.

Trrehrutuln mat Uinta

r. Great Oolite scries.

No. .'3. Railway-cutting at Kirtlington Station,

t. Cornbrash: top ferruginous; at base a white sandy
nodular band (the usual fossils)

h. Forest-marble Series. Thin layers of stone and clay in

many alternations varying much in thickness : viz.—

K 2

ft. in.

8



118 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [May 4,

ft. in.

Pale clays, and interrupted thin laminae of shelly

Forest-marble 12
Solid shelly bed

;
top oolitic, middle close-grained,

base more sandy 3 9

Sandy and marly bed 6

Dark laminated clay, with jet (Cyrena) 10

Pale blue clay with calcareous nodules 8

Dark clay, with jet 8

Pale blue clay 8

Brown clay 9

Sandy layer 6

g. Oolite; the upper bed waterworn on the surface, co-

vered by drifted Ostrece and Terebratula maocillata

Top bed • pale, unequal-grained 2 4
Parting.

Bed variable in texture, usually very compact 2 6

Parting.

Bed full of Terebratula maxillata, the valves cohering 3

In a quarry half a mile further west, about 40 feet more of the

Oolite appears, without actually disclosing the bottom, which, how-
ever, is traceable in the vicinity, and shows sandy layers, equivalent

to the Stonesfield beds.

According to the settled opinion of the Ordnance Geological Sur-

vey, the oolite of the valley of the Cherwell, with the sandy layers

between it and the Lias, is entirely to be referred to the Great

Oolite*. This conclusion rests on the actual tracing out of the

Inferior Oolite to its extinction eastward, and to the determination

of the true place of the Stonesfield beds above the Fuller's earth, in

the district towards Cheltenham. This oolite, with sandy layers be-

low, and a variable argillaceous series above (capped by Cornbrash),

has been traced, by Northampton, to the cuttings in the Great

Northern Railway near Stamford and Grantham f. It cannot be

doubted that the series here examined continues, with no important

change, through Lincolnshire to the Humber ; on the north of that

river the range is continued by the oolite of Brough and Cave ; it is

resumed, after interruption by over-extended chalk, in the oolite of

Whitwell and Crambe, and recognized again in the Millepore-rock

at the base of the Gristhorpe Cliffs, where it is surmounted by a

variable series of shales, sands, ironstones, and several shelly bands,

one specially calcareous, which are finally covered by Cornbrash.

Mr. Morris has compared these Gristhorpe beds above the Mille-

pore-rock with the Forest-marble series of Lincolnshire ; and thus

it appears to be admitted that the series of Yorkshire oolites above

the Lias and below the Kelloway Bock is connected with that of

the Midland tracts of England by real continuity of the Great Oolite,

* See Map of the country north of Oxford. Hull in Mem. of Geol. Survey,

1857, and communication to Geol. Soc. 1859.

f Morris in Quart. Journ. Geol. Soc. 1855 ; see also Ibbetson and Morris, Brit.

Assoc. Reports, 1847, and Brodie, Brit. Assoc. Reports, 1850.
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Forest-marble, and Combrash. Unless, by the further progress of

research into the Lincolnshire oolites, some error be found in this

statement of their conformity on the one hand to the oolite north of

the Humber, and on the other to the oolite of the Cherwell valley,

it will be difficult to disturb the arrangement long since, though

not "without hesitation*, proposed, which assigns the calcareous

shelly beds of Gristhorpe on the Yorkshire coast to the Great Oolite

group, notwithstanding the fact that they contain some fossils which
in the south of England are prevalent in the Inferior Oolite t, with

many the distribution of which is not there limited to one member
of the Bath Oolite series.

Possibly, in the course of this summer, it may be in my power to

complete some observations in the northern parts of Lincolnshire

and the southern parts of Yorkshire, and thus contribute to clear

away the obscurity which still hangs over the sections of these dis-

tricts. When this is carefully accomplished, we shall be able to judge

whether, in the earliest classification of the Cave Oolite, in 1826, by
Mr. W. Harcourt and myselfJ, and in the latest notice by Mr. Nor-

wood § and Dr. Wright ||, this rock, on the evidence of the fossils only,

was rightly referred to the Inferior Oolite, or whether, on more
general considerations, I was justified in deviating from my first

opinion and giving it a higher place in the series.

Mat 18, 1859.

Richard Meeson, Esq., Grays, Essex ; Graham Stuart, Esq., Brind-

cliffe, Sheffield ; and Colonel Stepney Cowell Stepney, St. George's

Place, Hyde Park, were elected Fellows.

The following communications were read :

1. Pai.iciitiiyologic Notes.

By Sir Philip Grey Egbeton, Bart., M.P.. F.K.S., F.G.S.. &e.

No, 12.

—

Remarks on the Nomenclature of the Devonian Fishes.

The " Old Bed Sandstone" has recently occupied so much the atten-

tion of some of our most talented geological observers, that a kindred

interest has been attracted to the examination of its fauna and Mora.

Of the former the Ichthyological branch is of paramount importance,

inasmuch as the vast majority of the fossil remains hitherto dis-

covered in this formation appertain to that division of the Animal

Kingdom. It is therefore much to be regretted that the aid which

* QeoL Yorkshire, vol. i. edition 1. L828, p. 166 : edition 1'. 1836, p. 181.

t To the list of those previously known, Dr. Wright has added Ammonites

Humph rri/xianus, of which n specimen is in my own cabinet, found h\ meat
Gristhorpe in |S.Y>.

f Annals of Philosophy, 1826. § Brit. As-oc He port,., for |N;V\

|| In communication to Geol. Soc. 1801I.
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might have been afforded to the general question by the accurate

knowledge of the characteristic fossils, should have been so much
weakened by the uncertainty which has gradually enveloped the sub-

ject, in consequence of the undue multipHcation of species, the con-

flicting nomenclature, and rival schemes of classification propounded

by those engaged in this investigation. These errors are, no doubt,

to a certain extent unavoidable. The labour and difficulty of con-

structing from fragmentary specimens extinct forms unlike any now
existing are very great. Again, when men of science in widely sepa-

rated localities are engaged upon the same subject, much time must
necessarily elapse before they can become mutually acquainted with

each other's progress ; and this knowledge, when at last obtained, is

frequently defective, having to be gathered, it may be, from foreign

languages, and from descriptions without figures, often meagre and
unintelligible. These are certainly extenuating circumstances. At the

same time a vicious practice is too prevalent—of coining genera and

species with undue haste from imperfect data, and so seeking to

establish what is termed the right of priority, however erroneous

the determination may have been. In some of the Ichthyolitic

beds of the Old Red Sandstone in Scotland, the specimens are so

well preserved, that the specific characters are easily seen ; in

others, on the contrary, such as those of Scats Craig and Elgin,

they are found in a most fragmentary and disjointed condition, con-

sisting of detached scales, broken plates, and variously formed teeth.

To determine with any degree of accuracy the characters and rela-

tions of these fragments is a task of great difficulty, and requires

the utmost patience. The proportions and ornament of a scale, or

the pattern of the sculptured surface of a dermal plate, are frequently

the sole features we have to rely upon ; and these are subject to much
variation. The relative proportions of the scales to each other may
vary in different parts of the same fish ; those on the back and belly

may be elongated or lozenge-shaped, while those on the flanks are

deep or curvilinear. The surface-ornament too is by no means
constant in character over the whole body. Age and sex may also

cause considerable modifications. The risk is therefore great of

forming new genera and species based upon data which may prove

of trivial moment as our knowledge of the true characters augments.
In our endeavours to steer clear of this Scylla, variety, we must be-
ware of falling into the Charybdis similarity. The surface-patterns

of the dermal plates of many of the fishes of the Devonian strata are

so much alike (as, for instance, in Asterolepis, Pterichthys, and Ce-
phalaspis), that fragments of each might be selected so similar in cha-
racter as to lead to the supposition that they were derived from one
and the same genus, and so the observer might be betrayed into the

suppression of generic and specific forms through an excessive exer-

cise of caution. Professor Agassiz has been accused of being guilty

of the former fault—that of multiplying genera and species without
due consideration ; but in all his writings and correspondence he
acknowledges this impeachment, and justifies it. In conducting a

great work on the classification and description of all Fossil Fishes



3 859.] EGEltTON 1OLD HED FISHES. 121

submitted to his examination, it became necessary to give names to

certain forms as the means of identifying the objects, and facilitating

the studies of those desirous of consulting the descriptions. For in-

stance, in many of our ichthyolitic deposits, as in the Lias and Car-

boniferous strata, we find various forms of teeth or palates associated

with various kinds of defensive fin-bones. As no evidence was
obtained as to the correlation of these forms, it became necessary to

designate each by name, such names being considered provisional,

until such time as the desired information should be forthcoming.

The other extreme is perhaps exemplified in a recent work by
Dr. Pander, on the Devonian Fishes, in which he seeks to suppress

many of the Agassizian genera and species in whole or in part, and
include them in one or other of the five genera constituting the

family Placodermi of M'Coy. Ln this work Dr. Pander revives the

discussion (which I was in hopes had been set at rest by the pub-
lication of the Appendix to Agassiz's ' Poissons du Vieux Gres
Rouge') as to the priority of Eichwald's name Asterolepis over Pter-

ichthys of Agassiz, claiming for Parrott, Quenstedt, and Kutorga
the original discovery of Pterichthys, and for Eichwald the merit of

having first named and described it. Whatever the fragments upon
which these claims are grounded may be, to Hugh Miller is justly due
the merit of the discovery of this singular fish. Ln the first edition

of the ' Old Red Sandstone,' published in 1841, he thus alludes to

the fact:
—" Of all the organisms of the system, one of the most ex-

traordinary is the Pterichthys or winged fish, an ichthyolite which
the writer had the pleasure of introducing to the acquaintance of

geologists nearly three years ago, but which he first laid open to the

light about seven years earlier." This dates the discovery as early

as 1831. The introduction to the scientific world was contained in

a letter to Sir II. Murehison, read before the Geological Society on
the 8th of May, 1839. A rival claim to the discovery of the " winged
fish" has recently been put forth by the llev. George Gordon in favour

of Dr. Malcolmson and Mr. Stables, in the following passage :—" Dr.

Malcolmson's noble heart reached the acme of scientific satisfaction

on the 27th of March, 1839, when his friend and fellow-labourer,

Mr. Stables, laid open in his presence a nodule at Lethen Par. that

first ri valled a form clearly distinct from any previously known fos-

sil." Dr. Malcolmson \s paper was read before the (ieologieal Society

on the 5th of June 1839. It is therefore evident from the dates
given above, that, although Mr. Stables may have been the tirst to

discover Pterichthys in the Lethen beds, this discovery was some
years subsequent to that of Hugh Miller in the Cromarty deposit.

On referring to /'(> richthys in Hronn's - Index Paheontologicus.' I

find it thus noticed :

—

Pterichthys Mn.i.. ls4<» (' Krit. rept ;
<•/ old red sandst.,

Kdinb. 1*42: mm An. )'.'= Asterolepis h'irliif.

The cross reference is this:

—

Asterolepis Eichw. 1S4(» ; Pterichthys Mu.i.. ( I Mu /". Uril.

rcpt. ; Old red sandst.. Kdinb. 1S-J2; non An.)
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The abbreviation " Brit, rept." would read, as it now stands,

" British reptile ;" but I do not believe this is intended, although

perhaps, in reference to the first notion, that these fossils were
remains of Turtles, it might tend to mislead. I rather think

its signification is " Brit. Assoc. Rept." although the words are

awkwardly transposed, and " Association " altogether omitted.

The generic name Pterichthys was given to these fossils, not

by Miller, but by Agassiz, on the 23rd of September 1840,
as is shown at page 99 of the Report of the Meeting of the

British Association at Glasgow in that year. I should not feel

justified in entering at greater length into this controversy, as the

rival claimants are fortunately both living, and fully able to fight

their own battles ; I may, however, be permitted to state that,

having read both sides of the question with great care, my own im-
pression is that Prof. Eichwald may perhaps have included in his

genus Asterolepis some fragments which he subsequently ascertained

(through the more perfect Scotch specimens sent to Russia by Dr.

Hamel) to belong to the genus Pterichthys of Agassiz, and hence, dis-

carding the majority, namely Asterolepis proper, assigns this name
to the minority, to the exclusion of the Agassizian name. In the

mean time Prof. Agassiz, then engaged upon his ' Poissons Fossiles

du Vieux Gres Rouge,' received, through Prof. Bronn, from Eichwald
himself, specimens of his Asterolepis, which had no reference to

Pterichthys, but were identical with the genus Chelonichthys, esta-

blished upon specimens brought over from Russia by Sir Roderick
Murchison, and of which other specimens were found in the Orkney
beds. On making this discovery, he at once relinqxiished his own
name, Chelonichthys, and adopted Asterolepis of Eichwald. If now
it is sought to supersede Pterichthys of Agassiz by Asterolepis of

Eichwald, it is surely just that the term Chelonichthys should be re-

tained for Eichwald's rejectamenta, rather than Homosteus of Asmus,
a name of much later date than that of Agassiz. I trust, however,
that this renewed attempt to overthrow the accepted nomenclature
of these genera may not succeed, but that the name Pterichthys,

sanctioned by the use of eighteen years, may be universally retained,

associated as it is in the first-named species with the name of that

remarkable man, the author of the ' Old Red Sandstone.'

I proceed to offer a few remarks on the additions made to the
Piscine Fauna of the Devonian age, in his ' British Palaeozoic Fossils,'

by Prof. M'Coy. In so doing I must disclaim any desire to criticise

censoriously the labours of one who has worked so assiduously in so

many branches of Palaeontology, and whose only fault (if fault it be)

is the over-ambitious scope of his investigations. Although some
years have elapsed since Prof. M'Coy first indicated, in the ' Annals
of Natural History,' these additions to the Devonian Fauna, it was
not until last year that I had an opportunity of examining the ori-

ginal specimens deposited in the Woodwardian Museum at Cam-
bridge. The following remarks are the result of that examination
combined with a previous acquaintance with all the important col-

lections of these ichthyolites both in this country and in Scotland :

—



1859.] EGERTOX OLD RED PISHES. 123

Commencing with the family Acanthodei, three new species are

added to the genus Cliirolepis :

—

Chtrolepis curtes.—I am unable to distinguish this species from

Chirolepis Gummingice. The characters derived from the head are

entirely deceptive. The obliquity of the mouth and large size of the

head are owing to the dislocation of the cranial bones ; and the ap-

parent shortness of the trunk is attributable to the concealment of

the nape by some of these dislocated members, and the mutilation of

the extremity of the upper lobe of the tail. The scale-characters

coincide with those of Chirolepis Cummingice.

Chirolepis macrocephalus.—This specimen has had a squeeze,

which has thrown down one ramus of the lower jaw, and forced the

pectoral arch away from its normal position. If these parts are

restored to their proper site, the proportional measurements differ in

no respect from those of Chirolepis TrailU.

Chirolepis velox.—This is a well-marked species, characterized

by its small head, slender form, and large fins. The ventral and
anal fins are more approximated than in Chirolepis TrailU.

Of the genus Chiracanthus three new species are described, all

from the Orkney Flags :

—

CHiRAC.wrnus gkaxdispixtjs.—This is a good addition to the

genus. The specific characters are strongly marked, and it is alto-

gether the finest species of Chiracanthus yet discovered.

Chiracaxtuus lateralis.—I am unable to detect any specific-

details in which this fish differs from Chiracanthus minor. The
preservation of the scales pierced for the mucous duct cannot be

taken as a specific character.

Chiracaxthus pulverulentus.—Tkc keen eye of Prof. M'Coy has

detected in the minute scales of this specimen a good and substantial

specific distinction, well expressed in the term pul/verulentus.

The last genus of the Acanthodei, namely Dip/acanthus, is aug-

mented by two new species :

—

Diplacaxthcs GiBBUs.—This species most nearly resembles Dipla-
canthus crassisi>inus, from which it is easily distinguished by the

greater length of the dorsal spines.

Diplacantius I'KKarmatcs.—A very good species, differing re-

markably from its nearest congener, /Ji/dacanthns lomjispinus, in the

shortness of the trunk, and the approximation of the dorsal spines.

Ed the family of the 8a u rodiptt ridas, Prof. M'Coy proposes to sub-

stitute Diploj>(erax for Dij>Ii>j>t< rns of Agassiz, in consequence of the

latter term having been anticipated by Hoie. That this naturalist

should have employed it to designate a genus of Cuckoo is hardh
sufficient reason for the change :' otherwise, in fairness to pahconto-

logists, the ornithologists should be called upon to revoke Audihi-

pterux and other titles to which they have no claim of priority.

Dii'LoiTKitrs mucins.- In the absence of other structural pecu-

liarities, I cannot accept the slender form of this specimen a.s a

specific character. The amount of variation in this particular in the

Old Red fishes is most remarkable ; and. without other corroboration,

mere measurement cannot be relied upon for a constant character.
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Age, sex, condition, shrinkage, and compression may each and all

affect individuals to a certain extent
;

great caution is therefore

requisite in estimating the value of such variations. On examin-

ing an extensive series of any genus of Devonian fishes, transitional

forms are found connecting the more slender individuals with those

of grosser proportions, and thus filling up the gap which would be

very perceptible if the extreme forms only were examined. This is

the case in the genus under consideration ; and having before me such

a gradation of forms in Diplopterus Agassizi, I cannot but associate

Diplopterus gracilis with that species.

Diplopterus macrolepidotus.—Prof. M'Coy seeks to substitute

this name for Diplopterus macrocephalus of Agassiz. He states that,

on examining the original specimens of Dipterus macrolepidotus

(Sedg. & Murch.), he finds them identical with Diplopterus macro-

cephalus, subsequently described by Agassiz; he therefore asso-

ciates the generic title of the latter author with the specific appel-

lation of the former. On referring to the original memoir and
figures of Sedgwick and Murchison (Geol. Journ. 2nd ser. vol. iii.

p. 143, pi. 16. figs. 4, 5), I find that the specimens named ''pro-

visionally'
1

'' Dipterus macrolepidotus are derived from the Caithness

flags. Now Diplopterus macrocephalus has never been found in that

locality, but is restricted to the Lethen Bar beds and some Russian

deposits
;
consequently the alteration cannot be admitted.

Osteolepis aeenattjs.—This species is stated to be not uncommon
in the Old Red Sandstone of Orkney. The only specimens I have

met with are from the Gamrie beds, where it is of frequent occur-

rence.

Osteolepis brevis.—There is a small species of Osteolepis not

uncommon in the Orkney deposits, which may well be called by this

name. I have never met with a specimen so large as the one figured

by Prof. M'Coy ; but in other respects those I have seen appear

to belong to this species. Some of the characters he assigns to it

are, however, deceptive, especially the large size of the head. He
remarks truly that the specimens are generally crushed vertically,

but he explains this by the great width of the head ; I should

rather say that the great apparent width of the head is in con-

sequence of the vertical crush. It was this species that afforded

Hugh Miller the opportunity of making out in such minute detail

the cranial anatomy of the genus ; and a reference to his figures,

pages 53 and 56 of the ' Footprints,' will show what the true pro-

portions of the head are. It is the upcast of the opercular flap

and the divergence of the premaxillary bones that give the " very

obtusely rounded, nearly semicircular, depressed" character to the

head in the figure given at pi. 2 D. fig. 4 of the Professor's work
on the Palaeozoic Fossils.

Trtplopterds Pollexfeni.—One of the most constant characters

of the Saurodipterida} being the occurrence of two dorsal fins and

two anal fins, the proposed genus Triplopterus, having only one

dorsal fin, is a remarkable exception. The general shape of the body

and head, as remarked by Prof. M'Coy, and the scale-characters
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are so similar to Osteolepis, that I was at first inclined to regard it

as a specimen of that genus in which one dorsal fin had not been
preserved. The position, however, of the other dorsal, opposite to the

anal, is a character, not of Osteolepis, but of Diplopterus, from which
genus it differs in many respects, and especially in the form of the

tail. I am therefore inclined to admit the validity of the genus.

The figure in the ' Poissons Fossiles,' alluded to as probably belonging

to this genus, is undoubtedly that of a true Osteolepis. In conse-

quence of compression, the scales of the left flank are thrown up,

thus exaggerating the breadth of the fish. The dorsal ridge, how-
ever, is traceable ; and a large scale is visible which marks the posi-

tion of a first dorsal fin in advance of, and not opposite to, the first

anal fin.

In the family of the Ccelacanthi, the genus Glyptolepis is first

noticed. In the generic character, it is described as having " one

detached ventral fin." This must be a typographical error, as Prof.

M'Coy's anatomical knowledge is too great to allow him to advance

such a heterodox axiom as a one-legged vertebrate.

Immediately in succession to Ghipjtolepis, Prof. M'Coy places

DirTEiius, and he suggests, by a note of interrogation, that the two
genera may possibly be united. I entirely agree with him in the

propriety of classifying this genus with the Goelacanthi rather than

with the Saurodipteridip ; but it is very distinct genetically from
Glyptolepis. Prof. Agassiz and Prof. M'Coy are both in error in

ascribing two anal fins to Diptvrus*. This has arisen from the very
remote position of the ventral fins. The fringed or lobate cha-

racter of these organs is pecidiar to the double fins, and is never

seen in the dorsal and anal fins ; it therefore affords a good criterion

in cases of doubt. This feature is very distinctly shown in M. Scharf's

figure 3. pi. 15, Trans. Geol. Soc. 2 ser. vol. iii., and proves that this

fin, which Prof. M'Coy alludes to as an anal fin, is truly a ventral

fin, its fellow being concealed beneath the body of the fish. The
true arrangement of the fins of Dipt> rus is admirably well shown
in the wood-cut of this genus at page 287 of the last edition of
* Siluria,' where the small anterior dorsal tin is seen immediately

above the lobate ventral fins. The determination of specific character

in this genus is most difficult. The scales are so loosely attached

that they slide over each other under the slightest pressure, con-

cealing or exposing a greater or smaller ana as the ease may be;

and the fin-rays are so delicate, especially in their distal extremities,

and consequently so liable to abrasion or non-preservation, that little

reliance can be placed on their relative length. Prof. Agassi/, after

a careful examination of all the original specimens, came to the

conclusion that they constituted hut one species. Prof. M'( '<>v, on the

contrary, revives the three species originally described in the memoir
of Sedgwick and Mmvhison. The result of my own observation

is, that Agassi/, was justified in uniting Dipttrns l>nir/n//n/i/i>j,t, nt.s

with /). iiuirriipi/tjo/it, /•»>•, hut that Diplvms Vahnc'u utu si might to

* For the Ivst description of lhj>'< , >. >cc Sketclil>o<_>k "I Popular (icolo^v,'

bj llu^'li Miller, p. 24A
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constitute a second species. The small size, the uniformity of depth

of the greater part of the trunk, and the small expanse of the fins

are characters which can be relied upon ; for I have never found, in

any specimen I have examined, transitional features which could in-

dicate these as immature individuals of the larger species. This

subject, however, requires further consideration.

Conchodus, new genus.—The materials on which this new generic

form is constituted are so scanty, that it should be kept in abeyance

until further evidence is obtained.

Holoptychiits.—I entirely agree in the propriety of restricting

this genus by the elimination of the larger Carboniferous species

under Prof. Owen's name Rhizodus. It may be advisable here-

after, as our knowledge increases, to constitute this the type of a

family, as it differs in many respects from the Goelacanthi, and
especially in having an ossified vertebral column ; whereas in all the

Ccelacanthi, from the Chalk downwards, the chorda dorsalis is per-

sistent. The description of the generic characters of Holoptychius

ascribes but one dorsal fin to this genus. It has undoubtedly two,

the anterior one considerably smaller than the other.

Holoptychius Andersoni.—The fine specimens recently obtained

from Dura Den, have satisfactorily shown that Holoptychius Ander-
soni and H.Flemingi can no longer be maintained as distinct species.

Holoptychiits peinceps.-—-The detached scales upon which this

species is based do not differ more from those of Holoptychius gigan-

teus than do those upon which Agassiz founded the two Dura Den
species differ from each other. I do not think it can be upheld

;

certainly not without. further evidence.

Holoptychiits Sedgwicki.—This is a good and very distinct spe-

cies. It has for many years been labelled in my cabinet as new.

The anterior dorsal fin is distinctly seen in one of my specimens.

Gyroptychius.—We are much indebted to Prof. M'Coy for the

definition of this new and fine genus of fossil fish, including two
well-marked species, Gyroptychius angustus and Gyroptychius diplo-

pteroides. I differ, however, with him in classifying it among the

Ccelacanthi, with which family it has no relation. The form and

structure of the fins and tail, and the mechanism of the scales, point

it out as a true member of the Saurodipterida?, allied to Diplopterus

and Osteolepis, but differing from these genera in the surface-sculp-

ture of the integumental covering. In comparing this genus with

some other Cazlacanthi, Prof. M'Coy alludes to Platygnathus of

Agassiz as being founded on the jaw of one fish and the tail of an-

other. On referring to the description of Platygnathus in the

' Poissons Fossiles du Vieux Gres Kouge,' it will be seen that Prof.

Agassiz had great doubts on this subject. He says, " this genus

is only known to me by very incomplete fragments, of which it

is difficult to say if they even belong to the same genus." He
then proceeds to describe a specimen of Platygnathus Jamesoni as the

type of the genus. The recent discoveries at Dura Den have shown
that this is a good genus ; they also prove that Agassiz's doubts as

to the form from the Orkneys were valid. Hugh Miller considers
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the latter to belong to Asterolepis, with the remains of which genus
it is associated. Platyrjnathus is nearly allied to Hohptychius, but
differs from that genus in the extraordinary development of the

single fins.

Family Placodermata*.— This family-definition was first pro-

posed by Prof. M'Coy, for the reception of all the genera included

in the Cephcdaspidce, Agass., except Cephalaspis, together with
some other genera assigned by Agassiz to the Ccelacanthi. Prof.

Pander has adopted this family-term, and includes in it the follow-

ing five genera : Pterichthys, Agass. (Asterolepis, Eichw.)
;
Coecosteus,

Agass. ; Asterolepis, Agass. (Homosteus, Asmus); Heterosteus, Asmus
;

and Chelyophorus, Agass. The distinction (as I understand it) be-

tween this family and the Crphnl«sj)i</(? is, that whereas in the latter

the head only is encased, in the former the thorax is also invested

with bony plates. Cephalaspis, Pteraspis, and Auchenaspis would
consequentlyconstitute the Cephcdaspid family,

—

Pterichthys and Coe-

costeus being the types of the Placoderms. Chelyophorus is probably

a member of the same family. Whether Asterolepis and Heterosteus

belong to it must depend upon further investigation. Hugh Miller

describes the plates of Asterolepis as the homologues of true cranial

bones, and assigns to this fish the scales figured at page 72 of the
' Footprints.' Pander, on the contrary, maintains that the small

anterior plates only are true cranial plates, and that the larger plates

are homologous to the thoracic plates of Coecosteus. The plate figured

by Hugh Miller, at page 80, as a hyoid plate, Pander assumes to be
the posterior dorsal plate, homologous to the large cuspidate plate of

Coecosteus. It is clear, then, that the family affinity of this genus

must depend upon the solution of this moot point. I regret I have
no materials to throw light on this subject.

Pterichthys.—In the memoir on Pterichthys read before the Geo-
logical Sim idy in 1848, 1 described two plates as the posterior ventral

plates. Prof. M'Coy is quite correct in considering these as the

prolongations of the posterior ventro-lateral plates. The transverse

depression frequently causes a fracture in that direction, which I

had erroneously considered a suture. The fin which I described as u

dorsal fin is truly such, and not an anal fin, as supposed by Prof.

M'Coy. 1 have a specimen of Pterichthys (juadratus in profile, in

which the fin is preserved in situ. Pterichthys had also two ventral

fins, as conjectured by the late Lady (iordon dimming. They are

supported by spines, and are identical in form and size with the

dorsal fin. I have no evidence of an anal fin.

Coccosteis. — In detailing the generic characters of Coecosteus,

Prof. M'Coy has made a grave mistake ( which led him into subse-

quent error) in assigning five plates as the complement of the sub-

thoracic disc This is the correct number in the genus Pt< richthys ;

but in Coecosteus there are two median plates, -one central and
lozenge-shaped, the other anterior and suhtriangular, wedged in

between the two anterior ventral plates,—making the total number
six+.

* Prof. Owen objects t<» thi* twin, as l>eing synonymous with I'hwoitid.

t Soe Supplement



128 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [May 18,

Coccosteus microspondylus.—In the generic characters of this

genus, Prof. M'Coy describes the bodies of the vertebrae as rarely

ossified. The reservation is made in favour of this species, in which
he states the bodies of the vertebrae to be separately ossified. If

this were really the case, a structural deviation of such importance

could scarcely be limited to a mere specific character. A laborious

examination of all the specimens I have had access to, and of this

one in particular, has satisfied me that in this genus the bodies of

the vertebrae were never ossified, but that the chorda dorsalis was
persistent in its embryonic condition. The form of the neur-
apophyses is very singular. The lower extremity of each of these

swells out into a thick clavate process, simulating a vertebral body
slightly abraded, in consequence of which the mistake has been
made, by more observers than one, of considering them vertebral

centra. Under this impression Prof. M'Coy named this species C.

microspondylus. The bodies which he considers ossified vertebral

centra are in fact the lower ends of the neurapophyses ; and the
" dermal bones of the dorsal fin reversed" are the hasmapophyses,

the broad interval between the sets of spines being the position of

the chorda dorsalis. I cannot discover that this species differs in

any respect from Coccosteus decipiens. The latter species was ori-

ginally named Coccosteus latus by Agassiz ; but as he cancelled this

specific title, and replaced it by decipiens in the description of the

species, Prof. M'Coy would do well to adopt the latter, instead of

reviving the obsolete name.
Coccosteus pusillus.—In one of the numbers of the ' Witness

'

newspaper, of December 1848, Hugh Miller described a " mi-
niature Coccosteus," of which he found great numbers in a quarry

near Kirkwall, to which he gave the name Coccosteus minor*. Prof.

M'Coy published his description of Coccosteus pusillus, in the ' Annals
of Natural History ' for November 1848. Should the species be

the same, of whieh there is little doubt, the latter name has the

priority.

Coccosteus trigonaspis.—This species is founded upon the an-

terior median subthoracic plate of Coccosteus decipiens, and must
consequently be cancelled.

This paper has already so far exceded the limits I originally con-

templated, that I must postpone the further consideration of the

subject to a future period.

SUPPLEMENT.

I have put together in the form of a supplement several extracts

from letters received from the late Hugh Miller, at the time when
we were both occupied with the investigation of the details of Coc-

costeus. I am not aware that these observations have been made

* See Supplement ; and ' Cruise of the Betsey,' p. 394.
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public in any of the works issued during the life of the author, nor

since his decease, although it would appear, from some allusions in

the course of the correspondence, that they were communicated

either in the form of lectures or in the columns of the ' Witness.'

The anatomical minutiae are so clearly and accurately described,

that it is due to the fame of their talented author, as well as advan-

tageous to paloeontological knowledge, that they should be commu-
nicated to the public.

Letter dated March 25, 1848.

" The gutta-percha impression you sent me must be that of a

portion of the under part of the head of a small Coccosteus. I am
acquainted with the peculiarly marked lozenge-shaped plate, and

possess two specimens of it; hut both present their inner surfaces.

In the one specimen, an Orkney one, it is altogether detached,

occurring solitary on the stone ; in the other, from Cromarty, it is

associated witli plates of Cmroxtrus. resting, though not in its proper

place, almost in contact with the plate which described the under

part of the orbit of the creature's eye,—a plate, by the way, not

given in Agassiz's restoration, though exhibited in some of his ren-

derings of specimens. The eyes of the Coccosteus were placed, not

Pig. 1.

—

Portion of the Under Part of the Head of a small Coccosteus.

under the transverse portions of the cruciform plater, tig. 1, but.

as demonstrated by at least two of my specimens, under the angular

plates d, and, instead of being surrounded by a ring of small plates,

were nearly, if not altogether, encircled by curves scooped out of

two larger ones—plate ,/. and the puddle-shaped plate which you

may find resting on tbe former in the single figure of tab. S*, on

the left hand side, and on the right hand side of tig. I of tab. '.».

* Poissons Kooilcx (In Yicux Uiv* mi:*".
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" There occurs in Orkney, in the neighbourhood of Kirkwall, and in

Caithness, in the neighbourhood of Thurso, a small Coccosteus which,

if not the young of Coccosteus oblongus, must be an undescribed

species."

Letter dated April 3, 1848.

" Your gutta-percha impression has sent me to my specimens ;

and I have at length succeeded in determining the true place of the

angular plate. In Agassiz's restoration of Coccosteus, tab. 6. fig. 4*,

there are five ventral plates, indicated by dotted lines,—four of them
lateral ventral, marked mm,nn, and a central lozenge-shaped plate

marked o. The anterior lateral ventral plates, mm, are, however,

nearly four times as large in both Coccosteus oblongus and Coccosteus

cuspidatus as in the restoration (those of Coccosteus decipiens I

have not seen) ;
and, instead of terminating at their upper extre-

mity at the top of the lozenze-shaped plate o, they run on to the

top of the omitted angular plate, the point of which rests in a

hollow scooped out of the top of the lozenge-shaped one. The
measurements of the plates in the following rude sketch (fig. 2), are

Fig. 2.

—

Outline of the Plates of Coccosteus.

taken from those of an actual specimen. Your specimen exhibits

the plates x and o, and one of the plates m; and the species

to which it belonged is, so far as I can determine the point, Coc-

costeus oblongus. The individual was small, smaller even than the

one whose ventral plates I have indicated in my draught, though

considerably larger than the Orkney and Thurso species to which

I referred in my communication of the 25th ult. The letter z

marks a pseudo -joint, which, judging from your gutta-percha cast,

is well marked in your specimen. Between the lateral ventral

* Poissons Fossiles du Vieux Gres Eouge.
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plate, m, and the arched dorsal plate, Z, there occurred two lateral

plates of considerable size, omitted by Agassiz, and which corre-

sponded to the two dorsal lateral plates of Pterichthys. It is a

curious circumstance, that both genera had the same number of

plates, eleven, in the cuirass which covered the body,—the Pterich-

thys having two central dorsal plates, and but one central abdominal
plate, and the Coccosteus but a single dorsal plate, and two central

abdominal ones. In both, too, the body impinged further on the

head ventrally than dorsally. The anterior end of the dorsal plate

of Coccosteus terminated nearly opposite the line z"

Letter without date.

" In the concluding part of my very rambling geological chapter

of to-day, you will find reference made to what I deem a new
species of Coccosteus, and in the enclosed little box the cast of one

of the best specimens of the species, or variety, yet found (fig. 3).

Fig. 3.—Plates of
Coccosteus pusillus, M'Coy.

Fig. 4.

—

Dorsal Plate of
Coccosteus pusillus, M'Coy.

It shows, on at least two of the plates, the numerous tubercles, vary-
ing from microscopic to minute, on which I have ventured to challenge

for it a specific status, and also the eye-hollows referred to in my
description, but not those lines of increment which I also found.

These, however, are very apparent on the cast of the single dorsal

plate (fig. 4) which accompanies it, and which, for this species, is

large. By letting the light fall slantwise on this latter cast, you
will see the plate reduced by line within line till, at length, in the

centre it appears as a miniature thing, little more than half an inch

in length by about the eighth part of an inch in breadth. In the

cast of the more perfect specimen, there is a slight distortion indi-

cated in this dorsal plate; but it seems to be merely the result of

some accident peculiar to the individual, and is not shown in any
of the other specimens. I purpose in my next chapter attempting

a general description of Cocrost,us, which, however, from the want
of a print, cannot, I am afraid, be other than obscure."

vol. xvi.

—

part i. t
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Letter dated October 6, 1848.

" Since I had the honour of corresponding with you in spring

last, I have seen plates of the ventral surface of Coccosteus, which

fully corroborate the sketch in outline I attempted in one of my
communications . '

'

Letter dated December 9, 1848.

" Your favour of the 4th reached me three days ago ; but I de-

layed reply till now, that I might be able to send you my promised

description of the Coccosteus and the accompanying casts. These
last pretty fairly represent the prints with which, when I collect

my chapters into a volume, I shall attempt illustrating the chapter

of to-day; and should the engravers succeed in doing the subject

as much justice as my bits of plaster do it, I shall be well content.

" One of the number (fig. 5) is a composition of abdominal plates

Fig. 5.

—

Abdominal Plates of Coccosteus Milleri.

ranged in what, I think, you will find to be the original order ; the

others are transcripts of four of my finer and more instructive

specimens.
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" Fig. 6 is that of the specimen which I have described as unique.

You will see, on examining the plaster, that the upper profile line

Fig. G.

—

Lateral View of the Cuirass of Coccosteus Milleri.

marked in dark grey is not quite that of the fossil, which exhibits

(like what portrait-painters term a two-thirds front face) part of

the other side,—at least, nearly the whole of plates I and a, and the

whole central part of plate c, with the little oval plate which the

latter includes. But by running my colour edge direct through the

centre of these plates, I have gained, I think, the true line of profile,

and, what is of importance in restoring the Coccosteus, have ascer-

tained nearly the angle which the frontal bine of the head formed
with that of the back. The slip of shaded paper (fig. 7) which ac-

companies the east completes the restoration ; and the tout ensemble

forms, instead of the monster I once deemed Coccosteus, a not in-

elegant little fish.

" Fig. 8, a cast of the lateral plate h of the cuirass, exhibits the pin

or tenon which fastened the armour of the head to that of the body.

The two pins, bent towards each other, I have described as forming,

between them, a dovetail-joining. How simple, and yet how beau-
tiful, the contrivance ! The squamose sutures on the exterior of this

plate were very broad. It was overlain by the dorsal plate /. and
by the lateral plate 3, but in turn overlay the angular plate 1. im-
mediately beneath it. My east indicates this nether suture at the

mark .r ; the seeming sutures at either end are mere fractures.

Externally the plate bore a pseudo-suture, which (in fig. 6) 1 have
also marked x.

" In the restoration, fig. 5, the plates n 1, mm, and .r, are fur-

nished by one individual, and bear, of course, the true proportions

each to the others; the plate >? '2 is from another and slightly larger

individual; while the central plate, n, as I had none of my own that

were not greatly too large, I have borrowed from the gutta-percha

squeeze which you kindly sent me last spring. It is, however,

rather small for fitting rightly into the other plates.

l 2
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" The small east, fig. 9, shows the deep hollow of the eye-orbit of

Coccosteus, as scooped out of the under side of plate d, fig. 6. The
specimen from which it is taken shows the whole inferior surface of

the occipital buckler and the hollows of both eyes.

" The cast, fig. 3, that of a head in a beautiful state of keeping,

seems to illustrate the profile of the head seen in the cast, fig. 6.

" I would fain have sent you a few illustrative casts more,—among
others, a cast of the paddle-shaped plates which lay under the eyes,

and described the nether half of the orbit ; but my little box refuses

to accommodate more. These plates, however, you will find figured

by Agassiz in his ' Old Red,' tab. 8, and in tab. 9. fig. 1. The
narrow neck-like stem, which I have compared to the claw of an
anchor, swept round the eye-orbit ; and the rounded sweep of the

paddle-blade or anchor-fluke fitted into the hollow on the outer

edge of plate/, which is so well marked in my casts, figs. 1 & 6."

Letter dated December 23, 1848.

" I cannot regard the species of Coccosteus to which the plates

of my cast in last parcel (fig. 5), or that of the unique specimen

fig. 6, belong, as Coccosteus decipiens. Both its dorsal plate, 1, and
its occipital plate, a, are longer in proportion to their breadth than

those of that species. Agassiz, however (in tab. 10. fig. 1), has

figured an individual of this species, from my collection, as Coccosteus

decipiens. Its proportions are rather those of Coccosteus cuspidatus,

though its dimensions are smaller. The very fine head from which
the cast No. 1 was taken belonged to an individual of larger size

and greater proportional breadth."

Note.—I quite agree in the propriety of considering this a distinct

species. In addition to the characters alluded to above are the

following:—The central abdominal plate has the posterior angle

more obtuse than the anterior one ; and the angular or dagger-

shaped bone in advance of it is considerably narrower than in any

other species. The tubercles are very numerous and uniform in

size. I propose to signalize the species as Coccosteus Milleri.— P. E.

Letter dated February 3, 1849.

" I send you a cast of a tolerably good specimen of two of the

lateral plates of Coccusti us—-those overlain on their upper edge by

the dorsal buckler. They have been sufficiently displaced in the

original to show the squamose sutures, which were not shown in the

cast of my unique specimen. The pin which attached the cuirass

to the head belonged, as shown by one of my former casts, to the

interior surface of plate h : its outer surface exhibits a minute

groove instead.''

I have a subsequent letter, dated January lM, 1 S5(>. describing

the structure of the jaws of Cnrcostius ; but as this subject was com

-

municated in a paper to the Physical Society of Kdinburgh. and is
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also described at p. 208 of ' The Sketch-book of Popular Geology/

it is needless to introduce it here. Peeling confident that no apology

is due for submitting to the Geological Society the foregoing pas-

sages from the pen of one of the most original and philosophical

writers of the age, I will close the series with a paragraph highly

characteristic of the resolute yet patient method of his scientific

labours :

—

" For my own part, I am determined to go stubbornly on, adding

fact to fact, and testing earlier by later observations, convinced

that, if I succeed in getting Truth out of the deep well in which, in

this game of Ichthyolitic reading, as in so many others, it is her

nature to hide herself, her identity will be ultimately recognized,

however authoritatively it may be challenged or denied on her first

appearance."

2. On the Yellow Sandstone of Dura Den and its Fossil Fishes.

By the Rev. John Anderson, D.D., F.G.S., &c.

[This Paper was withdrawn by the Author with the permission of the Council.]

(Abstract.)

In his geological remarks on Dura Den, the author described the

sedimentary strata in the vicinity as consisting of (in ascending-

order)—1. Grey sandstone, the equivalent of the Carmylie and
Forfarshire flagstones, with Oephalaspis and Pterygotus. 2. The
red and mottled beds, such as those of the Carse of Gowrie, and the

Clashbennie zone with Holoptychius nobilissimus, Phyllolepis concen-

tricus, and Glyptolepis elegans. 3. Conglomerates, marls, and corn-

stone, with few and obscure fossils. 4. The Yellow Sandstone, rich

in remains of Holoptychius and other fishes, and about 300 or 400
feet in thickness. This sandstone is seen to rest unconformably on
the Clashbennie series of the Old Red at the northern opening of the

Den, and at the southern end is unconformably overlain by the Car-

boniferous rocks. It is also exposed beneath the lower coal-series

of Cults, the Lomonds, Binnarty, and the Cleish Hills. It is seen

also in Western Scotland (Renfrewshire and Ayrshire), and in Ber-
wickshire and elsewhere in the south, with its Pterichthyan and
Holoptychian fossils. In the author's opinion it is entirely distinct

from the " Yellow Sandstone " of the Irish geologists.

At Dura Den one thin bed in the Yellow Sandstone especially

teems with fossil fish. The Pamphractus-bed, towards the top of

this thick deposit, is the only other stratum bearing fossil remains.

In 1858 a remarkably fine Holoptychius Andersoni was met with
in the fish-bed ; and this, with many other specimens, fully bears

out Agassiz's conjectures for completing the form and details of the

fish where his materials had been insufficient. Dr. Anderson thinks

that the supine position of the Holoptychii is of rare occurrence ; he
has observed them usually to lie on their side. H. Andersoni and
H. Flemingii are regarded by the author as specifically one, as he
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has not been able, in the numerous Holoptychii that he has seen, to

regard as distinct the differences pointed out in the descriptions of

these two reputed species.

Dr. Anderson also offered some remarks on the Olyptopomus minor

(Agass.),the specimen of which was obtained from this locality ; and

he drew attention to two as yet undescribed fishes*, also from Dura

Den.

June 1, 1859.

James Lamont, Esq., Knockdow, Argyllshire, and William Long-
man, Esq., 36 Hyde Park Square, were elected Fellows.

The following communications were read :

—

1. On the Sinking at Shireoak Colliery, "Worksop, to the " Top

Hard Coal" or " Barnsley Coal." By John Lancaster, Esq.,

and Charles C. Wright, Esq., F.G.S.

As the sinking at Shireoak to the " Top Hard or Barnsley Coal " is

not only in a new district, but has also been carried through a con-

siderable thickness of Permian rocks and Coal-measures which have

not been proved elsewhere, we venture to think that our sections

and some account of the strata passed through will be of interest to

this Society.

In March 1854 Mr. Lancaster commenced sinking two pits for

the Duke of Newcastle on the north-western side of his Worksop
Manor Estate, where the Coal-measures are overlaid by a consider-

able thickness of Permian rocks. A bore-hole had been sunk some

years previously on the same estate by Mr. John Woodhouse, to

prove the minerals
; and, though it was carried to a depth of more

than 300 yards, no satisfactory results were obtained, no workable

coal or ironstone being found.

* These specimens having been submitted to Prof. Huxley for description, have

been respectively named by him Phaneropkuron Andersoni and Glyptoltemus

Kinnairdii. See ' Dura Den ; n Monograph of the Yellow .Sandstone' ic, bv

J. Anderson, D.D., F.O.S. 1859.

[ Fable
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Table of the Strata passed through in sinking to the " Top Hard
Coal " by His Grace the Duke of Newcastle, at Shireoak, Notting-

hamshire.

Description of Strata. Thickness. Depth

vds ft in. vds ft in.

Permian marls and sandstones 18 2 6 18 2 6
Yellow limestone 18 2 8 37 2 2

15 1 53 2
6 2 3 59 2 5

Blue shale 11 9 71 2
Sand-rock 1 8 71 1 10

1 72 1 10
Blue and red bands with ironstone

.

1 2 11 74 1 9
Ironstone 1 4 75 o 1
Black shale 2 75 3

10 85 3
2 85 2 3

5 o 90 2 3
66 156 2 3

Coal j o 1 4 157 7
Rock and shale 13 o 8 170 1 3
Black shale o 2 6 171 o 9
Fire-clay 2 o 2 173 o 11
Coal and black shale , 1 4 173 2 3
Shale 3 2 10 177 2 1

Coal o 1 4 178 o 5
Fire-clay 2 1 3 180 1 8
Slialy coal and ironstone, 4 inches . o 1 6 181 2
Shale 5 2 3 186 2 5
Coal o 9 187 o 2
Fire-clay o 2 7 187 2 9
Shale and coal o 1 o 188 o 9
Rock 2 2 4 191 o 1

Coal o o 8 191 o 9
Blue shale . 6 o o 197 9
Shalt/ coal . , .

.

o 3 197 1 o
Rock and metal 8 2 4 206 4
Coal and black shale o I H 206 2 3
Shale 2 9 208 2
Rock-bands 10 2 3 91Q 1 3
Black shale and ironstone^ 5 inches At 4 223 1 7
Fire-clay and shale 2 2 226 7
Coal 1 2 226 1 9

5 1 231 2 9
4 232 1

Shale and rock 3 4 235 5
Coal and shale 6 235 11

Shale 3 5 238 1 4
10 2 4 249 8

Shale and ironstone-bands 10 2 6 260 2
Shale 8 1 2 268 1 4

8 268 2
8 7 276 2 7

1 277 7
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Table of Strata continued.

Description of Strata. Thickness. Depth.

yas. ft. in yds. ft. in

Rock and shale 23 1 10 300 2 5

Coal o o 7 301
Shale and ironstone 16 2 o 317 2
Inferior coal o 1 2 318 2
Shale . 7 1 6 324 1 g
Coal o o 5 324 2 1

Rock and shale 15 o o 339 2 1

ShereoaKj Melton, Clown, or

^Vathwood coal .... 1 1 4 340 5

Shale 18 1 o 358 1 Q
Inferior coal 1 o 2 359 1 g
^rVarren earth 1 1 (3 30

1

2
Stron 0- rock 4 o 5 305 7
Measures ( with thin beds of coal) . . 15 o 5 :;s0 1
Furn\ce-coal o 2 g 381 g
Measures g o I 389 9
Coal o Q 3s9 2 3
Fire-clay o 4 390 7
Coal o 1 o 390 1

Shale and rock 13 2 g 404 3
Coal . .

.

o 2 404 2 4

Shale and rock 3 2 9 408 2
Coal o o Q 408 2 7
Shale and rock . 18 2 3 427 1 10
IIazles coal . o 428 1

Dirt in coal . o o 7 40s 2
Rock and shale 10 2 2 439 1 8
Shell-bed n

\J
AU ^LV?Q X in

Shale 19 2 3 459 1 1

Coal 1 4 459 2 5
42 2 1 502 1 G

Coal 7 502 2 1

Shale 5 7 507 2 8
1 9 509 5

3 509 8
o 1 6 511 2 2

Proved by Borincj.

14 1 4 520 6
7 52(i 1 1

Blue shale and ironstone-bandd .... 11 537 1 1

7 537 1 8
8 1 5 .-,»•; 1

•_' 5 54<; 2 6
1 •2 547 8

The Permian bids arc. wo think, better developed lu re than al

any colliery where tln-v have been sunk through, though their total

thickness is only 207 feet. The upper beds, as will be seen from

the vertical section (p. I 13). consist of thin and alternate layers ot
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soft sandstones and red marls, which attain a total thickness of

60 feet. The Magnesian Limestone, however, forms the thicker

portion. We found it divided into two principal beds ; the Yellow,

which was very hard and crystalline, 54 feet thick ; and the Blue

below it, containing bands of blue shale, 20 feet thick. Both to-

gether yielded 66 gallons of water a minute in our pits.

Below the limestone we met with 33 feet of blue shale, which
made but little water ; and we then reached a very soft gritstone,

5 feet thick, which we consider the lowest bed of the Permian in

our pits. It is of the same character as a rock met with in a similar

position at Patricroft near Manchester ; and we have no doubt that

it is the equivalent of the " Quicksand," so well known in the

Durham district.

Below the gritstone the Coal-measures begin with 5 feet of blue

shale, in which there are four bands of ironstone, and, immediately

below, a bed of the same stone, 15 inches thick, but of a richer and
apparently more regular character.

The ore is principally in the state of peroxide, and the bed and

bands give an average of 42 per cent, of metallic iron, according to

the result of four analyses made in Dr. Percy's laboratory. The
following analysis, made by Mr. William Baker, shows the exact

composition and distribution of the constituents of the main bed :

—

100 parts, dried at 212° Fahr., gave

Peroxide of iron 631 10
Lime 5-174

Alumina 4470
Silica 6-545

Sulphuric acid 0-293
Phosphoric acid 0-083

Carbonic acid 9-702

Water (in combination) 10-936

100013

The above peroxide corresponds to 44-17per cent, of metallic iron.

The distribution of the constituents of the ore may be stated

thus :

—

Hydrated peroxide of iron 2(Fe2 3-|-3HO) 61-435

Carbonate of protoxide of iron 15-293

Carbonate of lime 8-869

Sulphate of lime 0-629

Hydrated silicate of alumina 12-650

Phosphoric acid 0-083

The lime present, being scattered through the stone in small

oolitic grains, gives the ore a very mottled appearance. As might

be expected, it is not affected by exposure to the atmosphere, though

very easily pulverized. At present it has only been proved in our

pits, which are 50 yards apart ; but Messrs. Dawes are now sinking

a pit, and will determine its regularity. It resembles the Froghall

ore of North Staffordshire, and a bed found at Patricroft in a similar

position as regards the limestone, more closely than any other iron-

stone of the Coal-measures.
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The first seam of coal was cut November 1855, at a depth of

S8 yards ; this is 2 feet thick, and of inferior quality.

Four yards below this we met with a compact sandstone or grit,

which proved to be 66 yards thick, and of a very hard and open

character. On the rise towards the west a great portion of it is

covered by the Magnesian Limestone; but it crops out at Harthill,

four miles west of Shireoak, and is there extensively worked for

scy tlie—stones, &e.

We were one year and eight months in sinking through this rock,

and the total quantity of water made in each pit was 500 gallons a

minute : this was, however, stopped in detail by cast-iron tubing,

which was carried down to a depth of 170 yards from the surface.

"When it was first put in, we experienced some difficulty from the

gas given off at the bottom of the thick rock, which, when pent up,

injured some of the tubing. Pipes were, however, put in to carry

the water to the surface ; since then the pressure, as proved by a

gauge, has been more regular. It has been as high as 210 lbs. per

square-inch; but is now about 196 lbs. per square-inch.

Below this point no difiiculties were encountered, the strata con-

sisting principally of shales which were free of water.

Several coals and bands of ironstone were met with in the next

170 yards ; but they were all thin or of inferior quality.

At 346 yards we cut the first thick coal, and found it to be 4 ft.

6 in. thick and of good quality. Practical geologists and engineers

in the neighbourhood considered this to be the " Wathwood coal"

of the Derbyshire and South Yorkshire district, where it averages

about 4 feet thick ; and we found it to be at nearly the same distance

from the " Hard Coal" that it has been proved in those fields.

The principal coals between the "Wathwood" and the "Top
Hard Coal" were found of very much the same quality, and with

the same thickness of intervening strata, as known elsewhere.

On February 1, 1859, the "Top Hard Coal" was cut at a depth

of 510 yards, and found to be 3 feet 10 inches thick. It gave the

accompanying section in our pits, from which it will be seen that

the " Bright" portion, which is of considerable thickness elsewhere,

is nearly absent hero.

10 inches. Soft.

10 inches. ITard.

3 inches. Bright.

\'l inches. Spirv, or

1 1 inches. Baft,

The nearest workings to ours in this coal are at the Comberwood
Colliery near Killamarsh

;
ami. though these are "».', miles from Shire-
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Dumb Hall Well
(47 yards deep).

Thorpe Salvin.

Harthill Well (23
yards deep).

Balborough Park Pit

(50 yards).

Comberwood Colliery

(50 yards).

Killamarsh

^ (30 yards) .
•

S S

oak, so little gas is

given off from the coal

that we experience no
difficulty at present in

working with naked
lights.

The following are

the points of greatest

interest proved by this

sinking :

—

1. The existence of

a soft sand-rock at the

bottom of the Permian
beds in this district,

which seems to be
the equivalent of the

"Quicksand" of the
north.

2. The absence of
any workable seam of

coal in this district, at

least in the 300 yards
of coal-measures above
the " Wathwood " or

"ShireoakThickCoal."

Thirty-seven feet of

coal were passed
through in the sink-

ing, butonlyfour seams
are of a workable
thickness.

3. The existence of

a Eed Ironstone in the
upper measures, which
promises to be of great

commercial value.

4. The " Top Hard
Coal" seems to thin

out towards the east

under the Magnesian
Limestone ; for at Kil-

lamarsh and near its

outcrop, six miles west
of Shireoak, it is 6
feet thick, while with
us it is only 3 feet 9
inches.

The " Wathwood
coal " being found
within one yard of the
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depth calculated from the dip of the strata, would lead to the sup-

position that the new district is remarkably free from faults ; and
this supposition is further bome out by the large bodies of water
met with—so large, indeed, that the greatest credit is due to the

Duke of Newcastle for the perseverance he has shown in carrying

on the undertaking single-handed.

"We find the dip decreases considerably towards the east, the strata

coming more into a basin-form. At the Comberwood Colliery the

dip varies from 1 in 6 to 1 in 12 ; while at Shireoaks it undulates

considerably, but we have never observed it more than 1 in 36
(see fig., p. 142).

Details of the Section

yds. ft. in. I

Pit-bank 5 2 3
1. Soil 2 8
2. Sand 1 1

3. Rocky red sandstone 1 1

4. Light and red rock 1

5. Red marl 1

0. Red rock 2
7. Red marl 2 11
7. Red marl 1 10

8. Light sandstone 1 6
9. Red marl 1 6

10. Red sandstone 1 5
11. Red marl 1 10

12. Light sandstone 2 9
13. Red marl 12
14. Light sandstone 1 6
15. Magnesian limestone 13 1 3
1(5. Light-blue close stone ... 1 2
17. Dark-blue limestone 14 1 8
18. Limestone-bands (0 to 12

inches), with bands of

blue metal G 1

1!). Blue bind 11

20. Grey sand-rock 2 1 6

21. Black shale 1

22. Blue warrant mixed with

red 1 8

28. Blue and light-red bind,

with ironstone 1 1 8

24. Black shale 7
2.">. Ironstone 1 1

•Ji>. Blue and red warrant ... <• ."»

27. Shaly coal 2
28. Blue bind 2
2!>. Blue hind 1

.-!(). (trey sand-rock •_' <>

SI. Blue bind, with thin bed

of ironstone 2 7

32. Coal 2
.'13 Blue warrant <• 2 2
•14. Strong blue hind 4 <l ."»

•'!.">. Rotherhiun thick rock .. GO I B

at Sliireoalc Colliery.

yds. ft. in.

The following features were here
observed in the Rotherham thick
rock :—

Yds. from its top.

At 34, 1 8,000 gal. of water pr. hour.
At 94, 1250 gal. of water per hour.
At 134, 1400 gal. of water per hour.
At 16, red marl, 6 inches thick.

At 17, marl and grey rock.
At 22, bed of red marl, 1 ft. 4 in.

thick.

At 25, 5000 gal. of water per hour.
At 29, hard bed of rock, 3 yds. thick.
At 43, 2 yds. of very hard rock.
At 53, 6400 gal. of water per hour.
At 63, 5 yds. of very hard rock.

30. Coal 1 4
37. Blue shale 4 1 2
38. Grey rock (bed of dark

metal in middle; 1 ft.

6 in., 450 galls, of water
per hour) 7 3

39. Blue shale 1 2 2
40. Black shale (with black-

band ironstone, in.) ... 2 .

r
>

41. Fire-clav 2 2
42. Coal and shale I 4
4"3. Fire-clay 1 8
44. Blue metal 2 2 8
4">. Black shale O 1 2
40. Blue shale (ironstone,4in.) 1 7
47. Coal 8
48. Fire-clay 2 10
40. Coal and shale I ) 4
50. Fire-clay 1 | 1

51. Coal 5
62, Black metal (with iron-

stone, 8 inches) O 1 1

63. Blue shale 4 2 9
54. Black shale O •_'

55. Coal 9
50. Fire-clav <> 2 7
:>7. Shalv coal <> 5
58. Black shale O (I 7
.'.'.». Rock (I '2 .•{
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60. Blue metal mixed with

rock

61. Coal (good)
62. Blue metal
63. Bock
64. Blue metal

65. Shaly coal

66. Rock
67. Strong blue shale

68. Coal (inferior)

69. Black shale

70. Stony fire-clay

71. Blue shale

72. Thin rock-bands

73. Grey layers

74. Bock-bands
75. Bock and grey layers...

76. Eock
77. Grey layers

78. Blue shale

79. Black shale, with iron-

stone, 5 inches

80. Fire-clay

81. Light soft blue metal...

82. Coal (good)

83. Stony fire-clay

84. Strong grey layers

85. Light-blue metal

86. Dark-blue metal

87. Coal
88. Dark fire-clay

89. Soft blue metal
90. Grey stone-band

91. Blue metal

92. Coal and shale

93. Dark fire-clay

94. Light-blue metal

94. Dark-blue metal

95. Black shale

96. Bock
97. Blue metal

98. Light rock

99. Dark-grey metal

100. Light rock

101. Dark-grey metal
102. Light rock

103. Dark-grey metal
104. Light rock

105. Dark-grey rock

106. Dark-grey layers

107. Blue metal .'

108. Black shale

109. Soft blue metal, with

ironstone

110. Dark-blue metal

111. Hard black stone

112. Light fire-clay

113. Light-blue metal

114. Dark shale

115. Coal

116. Light fire-clay

vc s. ft. in. yds . ft. in.

117. Eock and metal 1
i
i

au
2 o I 118. Blue metal 3 a

KJ
A

o 8 119. Dark-blue metal 3 o 3
1 ± n

kj 120. Coal i ft

o o Q 121. Fire-clay 2
4 1X KO 122. Blue metal 2 QO
o o 123. Fire-clay and coal, 4 in.

.

1 2 J

2 1 1 Ozl T.-irvl-ii- Villi™ tiTinlrtiztt. jjignt-uiue snaie . 1 z 1
1

6 2 3 1 KJ ft

o 11 126. Strong grey layer with
1
JL

nkj 4 ft ftu
1 U Qo 12 1

1 5
o 2 1 o ftKJ 4

o 2 n
kj TOO T -fi-Wrt ^1 1 ftu 9

o 2 3 9 nKJ
2 o 1 131. Blue metal (with iron-

2 o 6 stone, 7 inches) . 1 2 2
1 ii 1 9.9 T1oy.1i- oItqIq 7 9Z /

3 o KD 2 nu o

2 o 1 1J¥
1 OA T)! -.1 . .-. 1 ,. 2 t

i ft

IOC T>1««1T « 1 u ft

11 QO IQfl T~J? .. 1 1
1 9

1
1 nu 137. Stony warrant 1 11

1
11 n 1QO l 9 o

o 11 ^2 i on di i i 2 ft 1I

1
11 n lylA "T^i 7, _1 „ i

1 9 1U
I u nu TA1 T)l..«

1 1
Au

2 u i
i ft

KJ
Ko

o Z 11 1
-t

I
n

o ftV A4 144. Blue metal 4 -J
nu

1 nu oO 145. Dark shale 1 1

o z ft 146. Fire-clay 1
1 A

o ft O 147. Blue metal and rock-

I nu OZ 2 9z ft

o u aD 148. Dark metal 2 u b
I u o 149. Black shale , 1

Qo
I u Au 150. Coal 1 1

o 2 2 2 1 4
o ftU in 152. Dark-blue shale . 3 9 4.i
o 1 u 2 1 1

o u A4 154. Fire-clay 1 Qo
o QO 3 o /I

1 a
kj y 155. Dark blue metal 4 U 4

KJ
Au in1U 156. Inferior coal (good coal,

I L
a 1 U o

O 1
a 157. Strong warrant 1 1 ()

1X
au A 158. Bock with cank-beds ... 4 A o

kj
oZ 6 159. Blue metal 2 A

9 U Z 160. Shale and coal 1 U
\ 4 1

oZ A

7 n Z 162. Shalycoal 1 ftu
J 163. Eock 3

164. Blue metal 2 1 5
9Z 2 6 165. Black shale A 2
4 4 166. Coal 2 8

1 6 167. Stony warrant 1 1 8
1 2 168. Bock-bands and grey

2 2 4 1 1 6
1 169. Blue metal and iron-

8 4 2
2 170. Black shale 11
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yds. ft. in.

171. Soft coal 1 6

172. Light fire-clay 1 4
173. Shale and coal 1

174. Stony warrant 2 6
175. Blue metal (balls of iron-

stone) 11 1

1 76. Strong rock-bands 1 2 2
177. Coal (inferior) 2 1

178. Dark warrant 1 4
179. Strong rock-bands 1 2

180. Blue metal 1 1 1

181. Black shale 1 4
182. Coal 6

183. Dark warrant 18
184. Rock with grey layers ... 2 2
185. Blue metal 1 10

186. Grey layers 1 7

187. Black shale 2 7
188. Blue metal 1 1

189. Black shale 1 3
190. Strong blue metal 1 6
191. Bock (very hard stone,

4ft. 6 in.) 4 2 9
192. Blue metal (ironstone-

bands, 3 in., 2 in., 3 in.) 2 2 9

193. Dark shale 2 6
194. Blue metal (balls of

ironstone) 1 2

195. Black shale 1 1 6

196. Coal 6

197. Warrant 7
198. Coal 2 7
199. Dark warrant 2 7
200. Light rock 3 2 7
201. Blue metal 4 3
202. Shell-bed 2
203. Soft blue metal 1 1

204. Black shale 1 1

205. Blue metal 1 1 7
206. Black shale 3
207. Light warrant 1 2 2

208. Soft blue metal 2 2 6
209. Dark warrant 1 5
210. Strong blue metal 4 2 5
211. Black shale 1 2
212. Blue metal 1 7
213. Rock-band 1 4
214. Blue metal 2 8
215. Dark shale 1 1 2
216. Black shale 1 6
217. Blue metal 12 5
218. Coal 1 4
219. Soft warrant 2 2
220. Blue metal 4 4
221. Black shale 1 4
222. Strong warrant 10 3
223. Grey layers 2 8
224. Strong rock 1 ] 8
225. Blue metal and rock-

bands 2 6
226. Soft blue metal 1

227. Dark metal 6 2
228. Dark-blue metal 5
229. Black shale (ironstone,

4 inches) 2 4
230. Blue metal (at top, iron-

stone 3 inches) 2 1 6
231. Black shale 1 2
232. Blue metal 1 3
233. Dark shale 1

234. Strong blue metal 4 1
.')

235. Hard cank 11

236. Strong grey layers 2 2 8
237. Rock 2 1 8
238. Blue metal 10
239. Rock 5 2
240. Coal 7
241. Soft warrant 1

242. Dark metal 4 2 7
243. Top hard coal 1 10
244. Dark warrant 3

2. Notes on the Geology of Victoria. By A. R. C. Selwyn, Esq.

(In a letter, dated Geological Survey Office. Melbourne, 14th Feb. 1859. to

Sir R. L Murchison, F.R.S., F.G.S., &c.)

Respecting the impoverishment of gold-bearing quartz-veins in

depth, the only evidence I have heen ahle to obtain of such being

the case in this country consists solely in the great richness of the

older drifts, and the very large lumps of the precious metal so fre-

quently found in them, and never, or very randy, in the solid

unmoved quartz-vein. A \'.ilh. and a 1 2 hz. " nugget " are. so far

as I can learn, the largest pieces of solid gold ever known to have
been procured from a vein in Victoria. From about \ a dwt. to
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i an oz. is the usual limit to the size of " nuggets" even in the

richest veins (such as have yielded, on crushing, from 5 to 30 oz. to

the ton of quartz), whereas there does not appear to be any limit to

the size of the lumps found in the drifts. This is an undoubted fact,

and apparently a very strong argument in favour of the upper, now
denuded, portions of the "reefs" having been much richer than

anything we ever find either on or beneath the present surface. At
the same time I must add that I am unable myself to discover,

neither have I ever heard, any satisfactory explanation of this

peculiar distribution of the precious metal in the quartz-veins. The
very frequent intimate mixture of gold, both chemically and mecha-
nically, with other metalliferous ores and native metals in the same
vein or " quartz-reef," seems to me to preclude the supposition of a

force having operated in the distribution of gold entirely different

from that which has operated in the distribution of the other metals

and metalliferous ores which we now find associated with the gold

;

and it seems to me very difficult to believe that the position of the

gold, as we now find it, in the solid " quartz -reefs," and sometimes

completely enveloped in crystalline quartz, is entirely due to sub-

limation ; on this supposition alone, however, I imagine, could the

superior richness of the upper portions of the veins be satisfactorily

explained. In what state was the quartz when the gold was sub-

limed into it ? and how is it that we find no evidence whatever of the

action of such an intense and long-continued heat on the slates and
sandstones which are in immediate contact with the gold-bearing

quartz ? It certainly appears to me that the cause, whatever it may
have been, which has operated in the formation and filling of mineral

veins generally, whether of tin, lead, copper, silver, antimony, or

any other mineral, has also operated in the formation and filling of

our gold-quartz-veins, which are, so far as I can make out, whether
as regards their mode of occurrence, physical structure, or mineral

character, strictly analogous to all other mineral veins. I should be

very glad to learn what is now the generally received opinion on the

subject of the formation and filling of mineral veins.

Is it not possible that the large lumps of gold and the general

richness of the older drifts might be accounted for, partly, by the

enormous amount of natural crushing and washing of the quartz,

and consequent concentration of the gold, which must have taken

place during the deposit of our gold-drifts, and partly also by some
combined chemical and mechanical action operating on the liberated

gold in the drifts during the long-continued and violent volcanic

eruptions of which we have such ample evidence during the later

Pliocene period ? From all I have seen in this country, I certainly

think we must look for some other explanation of the occurrence of

our big lumps of gold in the drifts, besides the superior richness of

the denuded upper surfaces of the veins. Saline waters are very

abundant in all our formations, and chlorides are the prevailing salts

found in them.

By this mail I send you a copy of the ' Ballarat Star,' containing
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a letter from my friend Mr. Bland, the manager of the Port Phillip

Company. The figures there given show what can be done in gold-

quartz-niining with efficient machinery and proper management. The
('Inner Gold Mine is. I consider, the only mine at present in Victoria

where the requisites indispensable for success in this branch of gold-

mining are to be found. They have good management and efficient

machinery, and it being on private property, they are not hampered
by the very obstructive rules and regulations made by the Govern-
ment and the local Mining Boards applicable to the Crown -lands.

Since the date of Mr. Bland's letter the " reefs " have been cut in

two tunnels at the respective depths of 200 and 230 feet ; in one

the reef is 6 feet thick, and in both the quartz contains as much
gold as it did at the surface. At Maryborough, 400 feet has been

reached with a similar result ; but in almost every case the yield has

been neither steadily increasing nor steadily diminishing, but fluc-

tuating. There are also many instances of quartz-veins having

contained no gold on the surface, and having proved remunerative

when followed to greater depths.

I have no satisfactory evidence for supposing any of our gold-

drifts to be older than Lower Pliocene. With the Paper above

mentioned I have sent you a ' Handbook to Australasia,' recently

published here. In the article on Geology you will see, by what I

have said on this subject, that I think they are all of Pliocene and
Post-Pliocene age, with enormous contemporaneous basaltic lava-

flows. The divisions I am provisionally adopting for the tertiaries

in the maps about to be published are as under :

—

1. Alluvial Recent fluviatile deposits, &c.

2. Post-Pliocene ... Upper Gold-drift (angular, with recent Unios),

Raised beaches, and Estuary beds (the shells

all recent).

3. Newer Pliocene... Middle Gold-drift with bones (rounded) of living

and extinct mammals, Flemington red Ter-

tiaries, Marine (like the Red Crag).

4. Older Pliocene... Lower Gold-drift (with pounded bones of living

and extinct animals), Upper Brighton Tertia-

ries, Marine (Lignite-beds, with Mint Asia).

f>. Miocene Corio Bay, Cape Otway Coast, Murray Basin,

and Ixjwer Brighton-beds. (All marine, with

characteristic Miocene fossils.)

C. Eocene East shore of Port Phillip. Muddy Creek, Hamil-
ton, \c. (Blue clays, with selenitc and charac-

teristic Eocene fossils.)

I have not yet been able to obtain any more satisfactory evidence

respecting the probable age of our coal-bearing rocks: if the mass
of them be Oolitic, then' arc certainly others in the eastern districts

of the colony which contain true " Carboniferous" plants. So far

as I could make out in Tasmania, the coal-bearing beds there rest

quite conformably on. and pass downwards into. Calcareous beds, the

fossils from which are, I believe, nearly all Carboniferous or Devo-

nian forms. With the exception of a single specimen of a bivalve

mollusk, I have not been able to find any fossil fauna in our coal-

bearing beds.

VOL. XVI. PART L M
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In making use of the term " Cambro- Silurian," I did not mean
to designate any true Lower Silurian beds, but simply to express a

possibility of some of our oldest gold-bearing rocks being true

Cambrian or Hypozoic strata. I have, however, found Lower Silu-

rian fossils in the rocks of all the Gold-districts that I have carefully

examined; but in any beds lying west of the meridian of Mel-
bourne Lingulce and Graptolites only have been found. We find

Bohemian, British, and American species associated in both our

Upper and Lower Silurian beds.

I have recently discovered, imbedded in our Pliocene water-worn
gravel near Melbourne, two specimens, considered by M'Coy to

belong to decidedly Chalk species. One is a very perfect Echino-

derm, the other a fragment of Coral. They are both quite silicified

and in about the same state of preservation. It will be very in-

teresting if we can prove the former existence in Yictoria of the

Chalk-formation.

The only other interesting discovery of the Survey here is the

Bone-cave at Gisborne, about 25 miles north of Melbourne. En-
closed is a sketch of the locality, also a plan and section on true

scale from actual measured survey (see figs. 1, 2, &3). In it, imbedded

Fig. 1.

—

Entrance of the Bone-cave in the Tertiary Basalt, in a Ravine

at the head of the Toolerrn Toolerrne Creek, five miles S. by E. from
Gisborne ; explored by C. D. H. Aplin, Assistant-Surveyor, 1857.

in light powdery and perfectly dry soil, we found great quantities

of the osseous remains of Birds and Mammals ; the most remarkable

being perfect skulls of the Dingo, the Devil of Tasmania, and another

carnivorous animal, which M'Coy thinks is quite a new genus : the

skull is in shape somewhat similar to that of a domestic cat, but not

more than half the size ; and there are only two molars. The roof
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and sides of the passages, where narrow, were quite smoothed and
polished, evidently from the frequent passage of the animals that

have inhabited the cave. When discovered, all these passages were
so completely filled up with earthy matter, that no animal much

Fig. 2.

—

Section of the Ravine and Ca ve.

a. Tertiary basalt. 6. Lower Silurian schists and sandstones. c. Mouth of Cave.

larger than a rat could have obtained entrance ; when cleared out,

some of them were four feet high. The above would. I think, prove

our basaltic lava-flows, in which the cave occurs, and which rest on

the older gold-drifts, to be very old Pliocene. The bones are being

figured and described by M'Coy.

I have sent you by this mail one of the first complete quartor-sheets

of my (icologieal Map. I am getting them printed in colours from

stone. I have now about twenty-eight such sheets ready for publi-

cation, forming together a connected map extending from Port Phillip

Bay to Castlemaine,

With respect to the denudation of the Silurian rocks, I do not

think there would be any threat exaggeration in saving that thousands

M 2
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of feet have been removed from probably the greater portion of the

whole area which they now occupy ; nor does this exceed Ramsay's
estimate of the denudation of the Silurian rocks of South Wales, in

his Paper in the first volume of the ' Memoirs of the Geological

Survey of Great Britain.'

Our gold-drifts are often one, two, and three hundred feet thick

(and this over very extended areas), completely filling up, with their

contemporaneous lavas, nearly all the older valleys of the country.

JuiVE 15, 1859.

SPECIAL GENEBAL MEETING.

It was resolved that persons proposed on and after November 2,

1859, for election as Non-resident Fellows of the Society, should pay
an Entrance-fee of £6 6s., and an Annual Subscription of £1 lis. 6d.

ORDINARY GENERAL MEETING.

Major "W". E. Warrancl, Bengal Engineers, Westhorpe, Southwell,

Notts, was elected a Fellow.

The following communications were read :

—

1. Remarks on the Geology of Spitzbergen.

By James Lamont, Esq., F.G.S.

Ik the summer of 1858 I passed a month cruising in my yacht

around the shores of Spitzbergen and its many outlying inlets (or
" skerries," as we should call them in the Highlands), and, although

I have but a very slight knowledge of geology, still I was very

much struck by the singular geological aspect of the country. As I

visited a part of Spitzbergen which has never before been seen by
any one except the ignorant seal-fishers who frequent the coast, I

have been induced to commit a few of my observations to writing,

in hope that others better acquainted with the theories of glacial

action and upheaval of land may be able to understand the changes
which are being brought about in those regions by the above
agencies.

We first reached the shores of Spitzbergen, about 20 miles north

of South Cape, and inside of what is known as Stour-fiord or Wybe
Jan's Water, an immense sound of about 300 miles long, and vary-

ing from 6 to 60 miles broad. This Sound is improperly marked in

the maps as a Gulf, whereas it is in reality a Sound, dividing Spitz-

bergen into two nearly equal halves ; but the north end, being very
narrow, is invariably almost choked with heavy ice, and, being con-

sequently impassable, has given rise to that error : boats are known,
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however, to have actually passed through from the north coast into

Stour-fiord.

The first thirty or forty miles of coast along Avhich -we sailed conT

sisted almost entirely of the faces of two or three enormous glaciers

reaching high up into the mountains (the tops of which were barely

visible in places peeping through the ice), with their bases reaching

into the sea ; of course every now and then large pieces, some of

them as big as a church, become detached from these ice-precipices

and topple into the sea with terrific uproar. The waters of this

Sound are very shallow, seldom as much as sixteen fathoms ; and I

believe it is the same all roimd the shores of Spitzbergen, so that the

formation of very large icebergs is impossible, and I saw none at all

approaching to the size of those to be met "with on the banks of

Newfoundland : the largest of those which we did see were aground.

The greater part of the shores of this great Sound on both sides

present a singular uniformity of contour. First, there is a muddy
flat of from half a mile to three miles broad, extending from the sea

to the foot of the lower hills : this plain is composed of mud mixed

with shaly debris from the lower hills ; it is generally in a semi-fluid

state and almost impossible to walk over, but there is ice or hard

ground at 12 to 18 inches under the surface. Many rivulets^

thickly charged with mud, and some of them unfordable, intersect

these dreary flats
;
they are sparingly clothed with small Saxifrages,

mosses, and lichens, which form the food of the reindeer. These

animals are tolerably abundant on the flats, or in the valleys not

filled by glaciers, and attain to a most wonderful condition of

obesity, considering the scantiness of their diet. On these flats are

numerous trap-rocks, coming up like islands in the flats, and also

prolonged dykes of trap. In some plains these approach to that

singular formation known as the Giant's Causeway, but without its

regularity.

At the end of the flat there is generally a steep slope of mud.
snow, and shaly debris, which reaches up to the perpendicular cra^s

of rock. This rock resembles a mixture of limestone and white

sandstone, and is easily split and broken. These ( litis are generally

quite inaccessible, and above them stretcli for many miles away into

the mists enormous glaciers, ami above these again are visible, when
the weather is clear, high peaks, apparently of granite, (1000 or

7<»<)0 feet high, from which Spitzbergen derives its name.

Along the shores of Stour-fiord, as far up as we went (we sailed

up to where it was choked with ice and shallowed to three fathoms),

there is a considerable quantity of drift-wood. This consists prin-

cipally of small pine-trees, very much weather-worn and many (piite

water-logged. 1 also observed much wood which had formed part

of vessels: some of this was oak. There are also everywhere to be

found many bones of whales, occurring both singly and in nearly

entire skeletons.

Many of these pieces of drift-wood and bones are lyiiif* several

miles inland and high above high-water marl-. 1 regret that I did

not measiirt the height at which I saw any, but I am positive thai
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I saw both whales' bones and drift-wood at least thirty feet, and I

think as much as forty feet, above high-water mark. Geologists

can form their own deductions from this ; but I may mention that

the seal-fishers all believe the land to be rising, or, as they generally

express it, " the sea is going back."

Whales used to be formerly very abundant around the shores and

bays of Spitzbergen, but of late years the true whale (Mysticetus) is

unknown within many miles of Spitzbergen. Macculloch and other

commercial writers attribute this to the persecution they have under-

gone ; but the seal- and walrus-fishers all say that " the seas have

got too shallow for them." This may also arise partly from the

enormous quantities of mud and debris brought down by the nume-
rous rivulets mnning from the steep slopes of the mountains. Some
of these rivulets have immense deltas of semifluid mud at their

mouths.

The Thousand Islands are an immense cluster of low rocky islands

lying off the south-east corner of Spitzbergen, and consist entirely

(at least, as far as I could observe) of a coarse granular trap. They
are mostly very low, and with very little soil on their surfaces.

T observed the skeletons of whales upon some of them at such a

height that it was quite impossible they could have been washed
there with the rocks at their existing level ; and this seems to me
to afford conclusive evidence that Spitzbergen and the adjacent

islands are emerging from the deep at a rate even more rapid than

that at which the coasts of some parts of Norway have been clearly

demonstrated by distinguished geological writers to be rising.

2. On the Formation of Gypsums and Dolomites.

By T. Sterry Hunt, Esq., of the Geological Survey of CaDada.

(Communicated by Professor Ramsay, F.E.S., F.G.S.)

The deposits of gypsum in nature may be divided into two classes.

• One of these comprises the gypsums formed by the alteration of beds

of limestone. The vapours of solfataras, the sulphuric acid produced
by the slow oxidation of moist sulphuretted hydrogen gas (as shown
by Dumas), and springs containing free sulphuric acid are the agents

which have changed and are still changing carbonate into sulphate

of lime. Such springs, containing from
1

3
6o to

1

4
u 6

ths of free sul-

phuric acid (evolved probably from the reaction between sulphate of

lime and siliceous matters under the influence of heat at considerable

depths), are frequent in Western Canada ; and their effects in giving

rise to masses of gypsum in the quaternary clays of that region I

have long since pointed out (Rep. Geol. Survey of Canada, 1848,

p. 155).

The gypsums of the second class, which are the more frequent,

are met with interstratified with marls, dolomites, and rock-salt,

with which they are evidently contemporaneous. Eeserving for
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another occasion the discussion of the theories which have been pro-

posed to account for the origin and association of these substances,

I propose to mention some recent observations of mine which serve

to throw light upon the question.

When a solution of bicarbonate of linie in carbonic-acid water is

mingled with one of sulphate of magnesia, there are formed sulphate

of lime and bicarbonate of magnesia ; so that in presence of an ex-

cess of bicarbonate of lime there is obtained a saturated solution of

gypsum, from which this salt may be thrown down by the addition

of alcohol.

In the same way I have found that a solution of sulphate of soda

is decomposed by bicarbonate of lime, whose solubility in water is

much augmented by the presence of the alkaline sulphate. From
such a solution the addition of alcohol precipitates gypsum, leaving

bicarbonate of soda in solution.

"When a mixed solution of sulphate of magnesia and bicarbonate

of lime is evaporated at a gentle heat (from 80° to 120° F.), the

gypsum, being much less soluble than the bicarbonate of magnesia,

is first deposited in a crystalline form, and at a later period the mag-
nesia separates as a hydrous carbonate. The presence of sea-salt

does not prevent this reaction, nor the precipitation of gypsum by
evaporation ; so that by continued additions of bicarbonate of lime

to a basin of sea-water, its sulphate of magnesia might at length,

under favourable conditions, be entirely converted into gypsum.
The hydrated carbonate of magnesia deposited from solutions of

the bicarbonate is very soluble in dilute acids ; but when heated to

300°-400° F. under pressure to prevent the escape of carbonic acid,

it is converted into a ciystalline, anhydrous, and difficultly soluble

carbonate, already obtained by De Senarmont, and apparently iden-

tical with magnesite. When the hydrous carbonate is thus heated

in presence of carbonate of lime, the two combine to form a double

carbonate, which, by taking advantage of its sparing solubility in

cold dilute acetic acid, maybe separated from any admixture of free

carbonate of lime. This double carbonate of lime and magnesia is

dolomite. As prepared under various conditions, I found it to contain

from 35 to 45 per cent, of carbonate of lime, the excess of magnesia
being due apparently to a variable admixture of magnesite. Its forma-

tion by the direct union of the carbonates of lime and magnesia takes

place alike in the presence of solutions of earthy chlorides and alkaline

carbonates. In Von Morlot's experiment, however, which consists

in heating a mixture of two equivalents of carbonate of lime and
one of sulphate of magnesia in sealed tubes to 200° C, the sulphate

of lime which is formed seems to prevent the union of the two car-

bonates, and the product I have found to he chiefly magnesite mixed
with carbonate of lime. In Marignae's experiment, where chloride

of magnesium is substituted for the sulphate, the newly formed

carbonate of magnesia unites with the carbonate of lime, and n

portion of dolomite is formed.

But the solutions of bicarbonate of magnesia which give rise to

deposits of hydrous carbonate of magnesia, that, according as they



154 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [June 15,

are pure or mingled with carbonate of lime, are subsequently con-

verted into magnesite or magnesian limestone, may also be formed by
another reaction, which is independent of the formation of sulphate

of lime. I have already alluded to it, in my paper " On some points

in Chemical Geology," read before this Society on the 5th of January

last. Waters holding in solution bicarbonate of soda (a constant

product of the decomposition of felspathic minerals), when mingled

with sea-water, decompose the lime-salts first, the carbonate of lime

separating in a nearly pure state ; so that in lakes and limited sea-

basins there must result from this reaction waters that, like the

bitterns from which all the lime has been removed by evaporation

as sulphate (another source of gypsum), contain only salts of soda

and magnesia. The further action of solutions of bicarbonate of

soda upon such magnesian waters must give rise to bicarbonate of

magnesia, and, aided by evaporation, to precipitates of magnesian

carbonate—which, mingled with the carbonate of lime generally

accompanying the bicarbonate of soda in alkaline waters, would
afford the material for those great beds of magnesian limestone

which are independent of gypsum. (See Proc. Royal Soc. for May 18,

1858 ; Phil. Mag. vol. xvi. p. 379.)

The points to which I wish to call attention in the present note

are, first, the formation of sulphate of lime and bicarbonate of

magnesia by the action of bicarbonate of lime upon a solution of

sulphate of magnesia, and their successive deposition in the forms

of gypsum and hydrous carbonate of magnesia during the process of

evaporation ; and secondly, the direct union, under certain conditions,

of this carbonate of magnesia with carbonate of lime to form a double

carbonate, which is dolomite.

The application of these reactions to explain the formation of

dolomites and a great portion of the gypsums, both in marine and
freshwater deposits, will readily be made. The details of my experi-

ments will be found in part in the Report of the Geological Survey

of Canada for 1857*, and completed in the forthcoming Report

.
for 1858.

3. On the Tertiary Deposits, associated with Trap-rock, in the East
Indies. By the Rev. Stephen Hislop. With Descriptions of
the Fossil Shells, by the Rev. S. Hislop ; and of the Fossil

Insects, by Andrew Murray, Esq., E.R.S.E. ; and a Note on the

Fossil Cypridje, by T. Rupert Jones, Esq., F.G.S.

[Communicated by the President.]

(Plates V.—X.)

In introducing the following descriptions of some fossils from Pen-
insular India, I shall confine my remarks to the rocks, volcanic

* See also Am. Journ. Science, 2nd ser. vol. xxvi. p. 109.
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and sedimentary, with which those fossils are connected. They have
already been noticed in a memoir, which, in conjunction with my
friend the Rev. R. Hunter, I submitted to the Society in 1854*.

On that occasion I endeavoured to prove that there was no foun-

dation " for the supposition that the great outpouring of basalt in

India took place in the ocean,"—that the water of the lake in whi h
it really was effused was in many places " so shallow as to allow the

igneous rock to rise above its surface into the atmosphere," and that

therefore the flatness of the tops of trap-hills was not owing to su-

perincumbent pressure, as is generally believed, but was " the effect

of the well-known law by which the surface of liquid bodies is re-

duced to the same uniform level." The age of the deposit formed at

the bottom of the lake, before it was invaded by the volcanic erup-

tion, I considered to be Lower Eocene
;
and, while inferring as a

matter of course that the overlying trap was subsequent to it, I

expressed the opinion that the similar rock which was frequently

found underlying was more recent than both.

In opposition to this last view it is held, that the underlying trap

must have been poured out first, and the freshwater deposit formed
over it. This, I admit, would be the theory attended with the fewest

general difficulties ; but the objection to it in my opinion is, that

it does not apply to the case under consideration. If it did, we
should expect that, at the junction of the deposit with the sub-

jacent amygdaloid, the former would partake of the colour of the

Litter, whereas there is most frequently a marked difference between
them in that respect. In fact, instead of the deposit being com-
posed of the detritus of the friable amygdaloid, I believe it will be

found, on the contrary, that the friable amygdaloid consists in a great

measure of materials altered from the deposit. Capt. Newbold's
analysis of amygdaloid underlying red clay warrants this statement,

though he docs not seem to have perceived the inference deducible

from it regarding the relative age of the vesicular trap f.

But should this chemical proof not be enough, there is mecha-

nical evidence at hand. About two miles to the west of Telan-

khec/i, and five in the same direction from JJagpur, we have a natural

* Quart. Journ. Geol. Sop. vol. x. p. 470; vol. xi. p. 346, & p. 655, with Map.
t See Journal It. Asiat. Soe. vol. ix. p. .'!.">, where Ncwhold says: " I found the

basis of the amygdaloid in which /.oolitic crystals were most abundant to be a

red clay." The import of this remark will be best brought out by a reference to

theSindaghi section alluded to in another part of this paper. In that section

between the middle and upper seam of kunker there is represented in the w I-

eut a considerable thickness of " red amygdaloid with zeolites and cale-spar,"

and it is added in the letter-press. " In this vicinity beds from three to six feet

thick occur in the amygdaloid of a finely laminar, bright red bole." Now. look-

ing at the figure, in which the calcareous matter is so thin that it is represented

only as seams, we naturally feel disposed to ask, Where is the deposit, which in

the " vicinity " attains a thickness ol " from three to six feet " ? The only appro-

priate reply to this question, in my judgment, is, that it is to be found in the red

and brownish -green amygdaloid, which, though still retaining its colour, has been

transformed from the clay, while I In* calcareous portion has been segregated in

the process. S. II., .June I860.
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section of this sort. (See fig. 1.) Here, in going westward, the

eye is attracted first of all by some blocks of yellowish rock lying in

Fig. 1.

—

Section near Telankhedd.

E. W.

a. Altered Freshwater-rock. b. Trap-rock. c. Freshwater-rock.

position on the surface. Externally they exhibit marks of Physa
Prinsepii, and on being broken they are discovered to be a crystal-

line mass in the centre. Doubtless this metamorphosis is due to the

heat communicated by the trap in its former state of lava, which,

being longer retained in the interior of the blocks, subjected the par-

ticles there to a decided change, while those on the outside remained

unaffected. As you pass on, you walk over trap till you arrive again

at the freshwater stratum, which in an adjoining watercourse is

seen to sink down to the west at an angle of about 30°, with soft

amygdaloid below it, and a less vesicular rock above. It is evident

that at this spot we have an anticlinal axis on a small scale, and
that the cause of the disturbance is the volcanic rock, which, whether

it lies below or above, must be subsequent to the deposit. My
lamented friend Adolphe Schlagintweit, who held that the lower

trap was prior to the deposit, felt constrained to admit, in order to

account for the appearances presented at the junction of the two,

that occasional showers of volcanic ashes may have continued to

fall during the formation of the aqueous rocks * ; but I see not

how volcanic ashes could fracture and upheave the latter, as we find

to be the case : and, supposing the ejection of these ashes to be at-

tended with the dislocation of the stratum, it is difficult to under-

stand how the underlying amygdaloid could rise as a boss into the

upheaved portion, unless it were in a liquid state after the deposition

of the upper rock.

Again, between the spot now referred to and Nagpur there is a

ravine displaying a natural section somewhat like the subjoined f.

* Report VI. of the Magnetic Survey of India, p. 34.

t See Journal R. Asiat. Soc. vol. ix. p. 33 for a similar section given by New-
bold from a trap-hill near Sindaghi, in the southern Marathi country. There we
have in descending order : globular concentric basalt ; a seam of kunker ; red

amygdaloid with zeolites and calc-spar ; another seam of kunker ;
wacke, brownish-

green and grey ; and a third kunkeraceous seam, which is underlaid by wacke.

The three kunkeraceous seams are represented as connected with each other in

the same manner as in the above section. In designating these seams I use the

term employed by Newbold. Of course they have nothing to do with " kunker"

commonly so called in India, which is a comparatively recent concretion in the

soil of the East. They are in fact the calcareous matter of the intertrappean
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Here we see nodular trap of about 14 feet thick in the central

and more remote part of the sketch, overlying the freshwater de-

Fig. 2.

—

Section in a ravine between TelanJche&i and Ndgpur.

a. Nodular trap-rock ; from 4 to 14 feet thick.

b. Freshwaler-rock ; 1 to 3 feet thick.

C. Amygdaloidal trap, with interspersed bands of altered freshwater-rock.

posit, the top of which only is visible, and which extends 3 feet

downwards without interruption. In the foreground on the left

bank of the stream, or on the spectator's right hand, the same trap
reaches no greater thickness than 4 feet, while the sedimentary
rock on which it rests is less than a foot thick, the remainder being
dispersed in the form of pale bands, sometimes running into each
other, through the body of the volcanic rock, which in these cir-

cumstances has assumed chiefly a soft vesicular structure. An ex-
amination of this spot would, I think, suffice to convince any geologist

that the trap in its amygdaloidal form must have been the instru-

ment of this scattering of the deposit, and that consequently it must
have been injected after the deposit accumulated at the bottom of
the lake.

Whether the amygdaloid is a subsequent eruption to the nodular
trap, as I once supposed, is not so certain. All that the phenomena
which 1 have observed show, is that it was probably liquid after the
nodular part was consolidated ; and this may have been the case in

consequence of the upper portion of the lava cooling first, although
both it and the lower portion were erupted at the same time. To
illustrate this I subjoin a third section exhibiting the relation of the
rocks lying in a line drawn from the Artillery lanes of Ta'kli south
to the Nag River.

deposit, the upper part of it probably remaining in its original jxjsition imme-
diately under the " globular concentric basalt," and the rest being disin-rsed bv
the volcanic rock, as in our section. Sometimes the seams originating from this

deposit are more clayey and siliceous in their character, and then we have an
abundance of jasper, bloodstone, or cherty flint. S. II., June 22, lftoi).



158 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [June 15,

On the north, at the Artillery Lines, the rocks in a descending order

are : n, nodular trap ;
t, .tertiary deposit, thin and indurated in the

Fig. 3.

—

Section at the Artillery Lines, TaJcli.

Nag River.

n. Nodular trap-rock.

t. Tertiary deposits.

a. Amygdaloidal trap.

s. Sandstone.

p. Pegmatite.

gn. Gneiss.

higher position, and thick and soft in the lower; a, amygdaloid,

and s, sandstone. On the south near the river we find : s, the same

sandstone
; p, pegmatite, and gn, gneiss. For the sake of clearness

I enlarge the section of the rocks on which the Artillery Lines are

built (fig. 4). Here, as before, n is nodular trap
;

t, tertiary stratum,

Fig. 4.

—

The strata at Artillery Lines.

W 8 -
i

7i. Nodular trap. t. Tertiary beds. s. Sandstone.

clayey and soft, and s, sandstone. From the argillaceous deposit

portions have been taken up into the body of the volcanic rock, and
sometimes as high as its surface. Such detached fragments have
furnished us with the greater number of the vegetable remains for

which Takli is remarkable. Where the trap comes into contact with
the base of these masses, it is seen not to be nodular, as it is every-

where else, but vesicular.

Now the question arises, Is the thinner and harder deposit on the

slope of the hill in fig. 3 the same as the thicker and softer stratum

at the lower level of the Artillery Lines ? I have no hesitation in

affirming that it is ; for in digging through the hill, no deposit but it

is met with until the sandstone is reached,—not to mention that the

same genera and species of shells are obtained from both. Now as

in fig. 4 the single layer of lava has become vesicular or nodular

according as it lies below or above the detached pieces of the clayey

deposit, so we have only to suppose that part of the same lava-flow

at the present site of the hill in fig. 3 went above, and part found

its way at the bottom of the deposit, and we discover the reason of

the upper trap being nodular and the lower vesicular. The origin

of the vesicles in the lower trap would appear to be the exudation

of moisture from the stratum under which it was intruded ; while
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the cause of the greater accumulation of lava at the spot where the

hill now stands may perhaps have been the delay resulting from the

effort requisite to break through the deposit and flow along its base.

And as in its onward course the lava would transform some of the

deposit, we can understand how the intertrappean stratum of the

hill is thinner than the subtrappean stratum of the plain, and can

moreover perceive how it is that the igneous at its junction with the

aqueous rock is to such an extent composed of the same materials as

the latter. Preferring, though I do, this theory of the eruption of

our trap, I would at the same time here beg to repeat the remark
previously made, viz. that although both the upper and the lower
portion of it were poured out together, still the lower would probably

continue, after the upper was consolidated, sufficiently liquid to be

capable of breaking up both the deposit and its incumbent sheet of

trap, as represented in fig. 1.

The sandstone, which lies conformably under the clay at the Ar-
tillery Lines (see figs. 3 ifc 4), is the same as extends northward
through the plain to Godni Bhokara, where it is hard enough to be
quarried, and the same as attains to the immense thickness wit-

nessed on the lofty mural crags of the Mah.idewa Hills. Lying,

however, in our district as conformably above the Glossopteris-sand-

stone and coal-beds as it does below the clay, I was inclined to class

it with the former rather than the latter. I am now convinced that

it is to the era of the latter that it belongs. Like most arenaceous

deposits, it is comparatively destitute of organic remains. In our
Memoir of 1 854 I noticed stems of trees as imbedded in it. These
are very numerous in a ferruginous state at SilewaY/a, and in a sili-

cified condition near Chanda, as also further south in the basin of

the Pranhita. In sinking a well through Sitabaldi Hill they were
met with in a third form, viz. like lumps of charcoal. But along

with these stems there was found in the same shaft a little Pahidina,

which, on being kindly forwarded to me by Captain Cadell, of the

Bengal Engineers, I could not distinguish from one common in the

clayey <l<q»u^it. 1 was now persuaded that the upper sandstone was
not to be classed with the lower, but with the Physa-bcd ; and,

while perceiving my former mistake on this point, I beheld u con-
firmation of a view that I had previously expressed, to the effect

that all the deposits now remaining around Xagpur, from the fern-

strata upwards, were of freshwater origin.

This discovery having brought the upper sandstone within the

scope of this paper in consequence of its connexion with the Phvsa-
bed, it has for the same reason rendered it necessary here to refer to

the metamorphic rocks near Sitabaldi Hill, for these are but the

upper sandstone transformed. Jn passing over the outcrop of gneiss,

which extends eastward from the huso of that double-topped knoll

to the city of Xiigpur, a superficial observer, seeing the apparent dip

at a high angle to the south, might suppose that he has before him
very ancient .strata : but let him find a spot where the sandstone

and gneiss come together, ami he will discover that the one gradually

changes into the other, and the almost horizontal direction of the
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stratification imperceptibly passes into the high inclination of the

slaty cleavage. It is the neighbourhood of some plutonic rock, of

which we have evidences in the numerous veins of pegmatite run-

ning through the gneiss, that has effected the metamorphosis.

Having said thus much about the mutual relations of these rocks,

I have now to make some general observations on their contents,

both mineral and organic.

I. Minerals.—These have been ably described by the Rev. Pro-

fessor Haughton in a paper read before the Royal Dublin Society in

November of the past year, and published in the ' Philosophical Maga-
zine ' for January last. I shall notice only those that are more im-

portant, and that obviously belong to the rocks at present under our

consideration.

In the trap at the Takli Artillery Lines, which encloses pieces of

the clayey fossiliferous deposit (see figs. 3 <fc 4), there are also con-

tained masses of" calc-spar curiously striated, the lines of growth not

being perpendicular to the optic axis, but formed by planes parallel

to one of the edges of the obtuse trihedral angle of the rhombohe-

dron, and intercepting equal portions on the other two edges of that

angle." The doleritic lava, which is quarried from Sitabaldi Hill,

and which answers to the lower trap of fig. 3, is in some places

marked with belts, that may be traced continuously for many yards,

consisting of cavities " lined with obsidian in a thin glazed pellicle,

and occasionally filled up with tabular crystals of calc-spar." In

the trap on the south escarpment of the hill represented in fig. 3,

there was discovered a rhomboidal piece of a green mineral, which

Professor Haughton proposes calling Hislopite, being in his opinion

worthy of distinction as a new species from the remarkable combina-

tion in it of calcareous matter, which gives the outward form to the

whole crystal, with a grass-green siliceous skeleton of glauconite,

which on analysis he finds to be a hydrated tersilicate of protoxide

of iron, or in more technical form

:

Our trappean minerals, however, are few and worthless, compared

with the varied and magnificent assortments at present procurable in

the Western Ghats between Bombay and Puna. In a letter received

a few days ago from my friend Mr. Carter I am told, that the tunnel

now being carried through the Bore Ghat lays open geodes fre-

quently as large as grottos, the sides of which are covered with every

variety of zeolitic and siliceous mineral to be found in trap.

At Gi(ZacZ, and at Panjra near the Pench River a little above its

junction with the Kolbaira, there are found, in the red clayey tertiary

deposit of the fields, " radiated concretionary nodules of brown car-

bonate of lime and iron." These being supposed to be peculiar to

the first-mentioned locality were craftily taken advantage of by some

faMrs residing there to found on them a story about the wonder-
working powers of their master. It rather spoils the credit of this

fable to fall in with the same supposed petrified fruits in another



1859.] HISLOP GEOLOGY AND FOSSILS OF NAGPUR. 161

part of the province, where their master is never pretended to have

been.

From a vein of pegmatite in gneiss a few hundred yards east of

my house a fragment was broken off, which, besides the usual com-
ponents of quartz and felspar, contained a " white felspathic mineral

of fatty lustre, softer than felspar, but gritty under the agate pestle."

To this mineral Prof. Haughton has given the name of Hunterite.

Neglecting the lime and magnesia in it, which are inconsiderable,

it is found to consist " of five atoms of a hydrated tersilicate of

alumina combined with one atom of a hyaline silica of admitted

composition," or

5 [Al2 O 3
, 3 Si

3+3 HO]+ [HO, 3 Si O 3

].

II. Fossils.—Almost all the discoveries of organic remains that

have been made since 1854 in the tertiary deposit have been beyond
the limits of our province.

In addition to the list of fossiliferous localities given on pp. 362,
363, vol. xi. of the ( Quarterly Journal,' I would mention the follow-

ing sites for shells in the Hyderabad country : Dhanki, 10 miles E.

of UmarkhecZ or 150 S.W. from Nagpur
; Kuntur, about 20 miles

S.E. of Nander or 40 farther S.W. from Nagpur than Dhanki
;

A'mbia Kanti and Tandra near Ola or Olam, about 20 miles W. of

Nirmal and 160 S.S.W. of Nagpur; Majajonna, 20 miles W. of

Khair or 95 S.S.W. of Nagpur ; Dalmetta Ghat near Kondapur, 12
miles S.E. of ManikgacZ or 120 miles S. of Nagpur ; and Wilipita

and YidalawaVZa on N. of TaWur (in maps Tandoor), about 25 miles

S.S.E. of Dalmetta Ghat. At most of these places only the more
common shells are found. But from two other localities in the

Hyderabad Territory, Karuni and Mekalgandi Ghat, the latter of

which was visited by Malcolmson, I have received several new
species of Unio.

The most important accession, however, to our collection of shells

has been from a part of India still farther distant from Nagpur. In
the volume of the ' Quarterly Journal' above referred to, I stated

that I had been favoured by my friend Lieut. Stoddard with a few
shells partly freshwater and partly marine from the neighbourhood
of Rajamandri*. The hills from which these were obtained are

5 miles S.W. of Panga'/i, n village 10 miles \V. of Rajamandri on

the road to Madras. They reach an elevation of about 300 or 400
feet above the level of the plain. At their base lies a red con-
glomeratic sandstone, over which there is a considerable thickness of

trap, compact below and becoming more vesicular above, where it

imbeds veins of jasper. This is surmounted by a deposit of impure
limestone, the upper part of which, continuing the most and the best

of the estuarine fossils, protrudes from the slope in a layer of 1 \ tret

* Quart. Journ. vol. xi. p. 886. In a footnote a conjecture was thrown out,

whether one of the marine sheila might not be a Xrruura—a hypothesis, which,
if true, would imply a much prater antiquity for our intertrappcan deposit than
I have ever been willing to ascrilx> to it. Hut there can be no doubt that the
shell in question was a Turritrlla.
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thick, from which blocks have been carried down into the water-

courses below. The top of the hill consists of nodular basalt. I

need not point out the resemblance which this locality, as described

by Benza, bears to a trap escarpment in the vicinity of Nagpur. In

the position of the sandstone and the shell-deposit, of the nodular

and the vesicular trap, including even the jaspideous and cherty

veins running through the latter, the two fossil sites are identical.

It is only in the fossils that any difference can be recognized. In

the one place they are lacustrine, in the other estuarine. Yet even

among the organic remains, as if to leave no doubt of the perfect

contemporaneousness of the two formations, there are species com-
mon to both.

A similar outlier of trap has recently been brought to the notice

of the scientific world by the Hon. Walter Elliot at Kateru, 2 miles

N. of Rajamandri. About 400 or 500 yards from this hill quarries

have been opened, and the following section displayed : Black soil

3 feet
;
trap-rock disintegrating 5 ft. ;

deposit 6 ft. 9 in., consisting of

limestone with shells 1 ft.
;
clay and gravel, and yellow clay and

sand 11 in. ; limestone 1 ft. ;
clay and sand 4 in., which again is

underlain by a third layer of limestone of the same thickness as the

other two, resting on 2 ft. 4 in. of clay shale, white, yellow, purple,

&c. Under the deposit basalt with zeolites was penetrated to the

depth of 14 feet. The following is another section nearer the hill

:

Basalt 12| ft.
;
greenish unctuous indurated clay 2 ft. 8 in. ; fibrous

limestone 1\ in.; highly crystallized limestone 3 ft., below which

was basalt/ In a third excavation the deposit was considerably

thicker, being made up of a greyish friable clay with shells 9 ft. 9 in.,

more compact clay with larger shells 10 ft. with a base of crystallized

limestone as before. The crystallization of this limestone would

seem to be due to the underlying basalt, which on that supposition

must have been in a molten state subsequent to the deposition of

the calcareous bed, as I have endeavoured to prove in regard to the

rocks of Central India. The same inference is suggested by the

jasper at Pangadi, which occurs there, as at Nagpur, in the soft

amygdaloid immediately underneath the deposit, and is evidently

just a portion of the latter detached by intruding lava. None of

the quarries at Kateru seem to have been carried through the lower

basalt down to the sandstone ; but that arenaceous beds are present

may be warrantably concluded from their cropping out on the hill

at Dowleshwaram 4 miles S. of Rajamandri. For all my specimens

from Kateru I am indebted to the kindness of Capt. Stoddard of the

Madras Public Works Department, the same friend who examined

the Pangacfi. Hills for me on the former occasion.

The few palseontologieal discoveries which have been made within

our own province have been in the south of it, not far from Man-
gali, the well-known locality for fossils of the sandstone.

At Dongargaum, which is 14 miles a little E. of S. from Mangali,

there is an outlier of the trap, from under which come out yellow

calcareous strata passing downwards into sandstone. These strata

have furnished me with remains of Fishes, one of which consists of a
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head with a long muzzle, armed with formidable sharp sauroid teeth,

and rows of smaller ones. This Sir P. Egerton considers to be allied

to the Sphyra-.nodus of the London clay. Another ichthyolite, of

much less considerable dimensions, possessed cycloid scales of a

pattern hitherto unrecognized.

On the west side of Phizdura, which is only 3 miles E.S.E. of

Mangali, there is a hill of trap somewhat like that at Dongargaum,

but not so high. It also overlies a fossiliferous deposit, though not

of yellow limestone as there, but of red clay exactly like that which

is cultivated at the base of Gidad Hill. The organic remains at

Phizdura may be gathered in abundance from the surface of a field,

and comprise bones of large Pachyderms, coprolites of various sizes,

a Saurian tooth, the vertebra of a large Fish, and fragments of the

plastron of a freshwater Tortoise. I have no doubt that the Pachy-

dermatous bones will be found the same as those dug out from a bed

under trap at Jabbalpur, the connexion of which with the inter-

trappean shell-stratum of that district has never yet been made out.

Phizdura supplies the wanting link. There we have Pachyderms
and Molluscs together in one and the same deposit. If, as it may
be presumed, the Pachyderms of Phizdura are identical with thoso

at Jabbalpur, then, there being no question that the shells of Phiz-

dura are the same as those of the fossiliferous intertrappcan deposit,

it follows that the bone-bed under trap at Jabbalpur is contem-

poraneous with the slieU-bed between trap thero as in other localities

of Central India.

To determine, then, the age of this deposit, sometimes subtrap-

pean, sometimes intertrappcan, becomes an important consideration.

In a paper presented to the Bombay Br. Boyal Asiatic Society in

March 1853, I gave my reasons for believing that it was Eocene.

I suppose tins will now be conceded by all. The only subject of

uncertainty is to what subdivision of the Eocene it belongs. The
examination of our fossils has not been carried far enough to justify

any very determinate opinion on this point, and it becomes mo
therefore to speak with hesitation.

The only Indian formation with which the rocks under discussion

can be compared is the Xummulitic, so amply illustrated by D'Archiac.

Not one of fads fossils, however, seems to be specifically identical

with ours, though thero is a considerable resemblance in form be-

tween his Natica Dolium, Turritella affinh, and cast of a Cerithium

on the one hand, and our Ar

. Studdxrdi, T. pmloiir/a, and cast of

C. Stoddardi on the other. Though there is little similarity in

shape between his Vicarija Yerneuili and our V. fuslformis, yet it

shows at least an approximation in age between the Xummulitic

and our Intertrappcan to lind that these are the only two formations

as yet known to imbed species of this genus. But perhaps the

fossil that bears most closely on the matter in hand is the I'hi/sa

nummulitica. D'Archiac does not seem to be quite sure whether

the fossil is a Physa; but I think there can bo little question that

his figures represent specimens of that genus. His Phijsa may not

be fully grown, in which case it may be specifically identical with

vol. xv I.—PABX I. B
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P. Prinsepii, the young specimens of which at Takli are of the same
size as well as form. But if it be an adult, then it is obviously of

a different species ; and, as it approaches nearer to the modern dimen-

sions of the genus, I should be inclined to hold, that our intertrap-

pean deposit with its huge Physas falls under a division of Eocene

lower than the Nummulitic strata, in which it occurs.

This latter conclusion would appear to be borne out when we
apply the per-centage rule to the solution of the problem. I have

shown my freshwater fossil shells to Mr. Benson, the highest autho-

rity on the molluscs of our Indian lakes, and he gives it as his

opinion that not one of the specimens submitted to him exactly cor-

responds to anything he has seen. I have had access to Mr. Cuming's

splendid series of marine shells, as well as to our National Collection,

and I have not been able to detect among the fossils from Raja-

mandri one existing species either from India or anywhere else.

On the essential differences between the B-ajamandri shells and

those now inhabiting Eastern seas, it does not become me to speak,

as I have little personal acquaintance with our Indian coast ; but

my residence in the interior of the country afforded me opportunities

of observing the lacustrine molluscs of Central India, and I could

not help being struck with the marked distinction between the

ancient Testacea and those still existing there. The present Melanice

are much larger and stouter than their fossil congeners, and so

generally are our living Paludince and Limncece. And more than

this : Physa and Valvata, two genera of our rocks, have disappeared

from the Deccan, while Ampullaria and Planorbis, that have come
in their places, are not to be found in our strata. A change equally

great has occurred in the fishes, and one perhaps still more decided

in the Flora ; but on these I must not dwell, for I feel that this

paper has already extended to too great a length.

And now I would desire to indicate, in as few words as possible,

the rocks to which I consider ours nearest in age. If the " Num-
mulitic" Physa of Northern India be too small to agree with the

P. Prinsepii of Nagpur, there is one on the continent of Europe
which is well nigh large enough—I mean the P. gigantea of Billy

la Montagne. At this Lower Eocene locality we find other shells}

that may be allied to our slender IAmncece—I allude to those re-

garded by De Boissy as Achatince. Again, coming to British strata

of Lower Eocene age, I would point out the similarity of our larger

fish from Dongargaum, our Lepidosteus ? scales, and our Pseudoliva^

to remains found in the London clay. Finally, some of our fruits

bear a considerable resemblance to those discovered in the Isle of

Sheppey and contemporaneous deposits in Belgium*.

From all these facts I am disposed to deduce the inference that our

* While this paper is passing through the press, I have seen the vegetable

remains recently found in the clays of the Woolwich series in the neighbourhood

of Dulwich. They comprise specimens of those peculiar strobiliform fruits so

abundant at Nagpur and in Sheppey, which, beginning in the chalk as Carpolithes

Smithies, seem to have attained their greatest development in the Lower Eocene.

(April 2, 1860.)
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intcrtrappean or subtrappean deposit belongs to tbo Lower Eocene,

as I pointed out in papers read before the Bombay Br. It. As. Society

in 1853, and the Geological Society in 1854.

The part of the sea in which the intertrappean deposit at Baja-

mandri was formed was evidently shallow, and connected with the

great sheet or sheets of fresh water of the same age ; for all its shells

arc such as are found at no great depth, many are comminuted as if

they had been washed against the shore, and they are intermingled

with Physa Prhisepii, Paludina normalis, Chara Malcolmsonii, and
Cham elliptica*, which must have been brought down from a lake.

From the absence of Corals and Cirripcds, and the occurrence of such

shells as Psammobia, Tellina, &c, it would appear that the shore of

this sea was not bold or rocky, but a flat sandy or rather muddy
beach.

The climate of India, at the period when this deposit was formed,

seems to have been hot, as ably pointed out by Mr. Murray in the

conclusion of his paper on the fossil insects (p. 185) ;
hut, adverting

to the abundance of the genera Pht/sa and Valvata, I think not so hot

as the Deccan is at present.

The Pachydermatous remains from India are not all of one era.

Some of the Xarbadda bones are from a subtrappean bed, as are

those at Phizdura, but others arc obtained from the river-basin.

Those from the Siwalik Hills seem to occupy a strat igraphieal posi-

tion intermediate between these two, being combined with shells,

some of which (unlike those from under the trap) agree with exist-

ing species, though tbcre is Hot so great a proportion of these as in

tlir Jiissiliferous deposit of our river-basins. The remains from tho

subtrappean strata of Jabbalpur and Phizdura are most likely Lower
Eocene ; those from the sub-Himalayas, as has been shown by others,

are Upper Miocene ; while those from the banks of the Narbadda and
similar situations cannot be more ancient than an upper subdivision

of the Pliocene. '

The upper sandstone of Xagpur, or, to use a term recently intro-

duced by J )r. Oldham to supersede the loose designation of " diamond-

sandstone," the Mahadewa sandstone of India, like the subtrappean

deposit, which it underlies, is most probably of Lower Eocene age,

and plutonic rocks have risen to the surface, and motamorphic rocks

been formed sinco its deposition.

There appears to have been but one great outpouring of basalt in

Central India, which has become vesicular below the Physa-bed, and

nodular above it.

Xori:.—Geographical position of the localities mentioned in the

preceding and following papers :

—

1. In the province of Xagpur.

Takli, L'J miles N.W. «»(' NYi^pur city.

Tclnnkliiv/i, li mile- W. <>f Na^pur city.

Paliii'/itinului, HI miles W.N.W. of NA^pur city.

Little Xisti, }."> ii i i Its N.W. of Nippur city.

* This is a new species of Chant, intended to be described on n future ocawiou.

2
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Godni Bhokara, 6 miles N. of Nagpur city.

Butara near Machhaghorfa, 100 miles N. of Nagpur city.

Mahadewa Hills, 120 miles N.N.W. of Nagpur city.

Gidad Hill, 40 miles S. of Nagpur city.

Chikni, 60 miles S. of Nagpur city.

KarwatZ, 3 miles W. of Chikni.

Mangali, 6 miles N.E. of Chikni.

Phizdura, 8 miles E. of Chikni.

Ko^bara, 1 1 miles E. of Chikni.

,

Dongargaum, 16 miles E.S.E. of Chikni.

II. Beyond the province of Nagpur.

Sip Ghat north of Ellichpur, 120 miles W.N.W. of Nagpur city.

Chichundra, 80 miles N.W. of Nagpur city.

Jabbalpur, 170 miles N.E. of Nagpur city.

Karuni, 100 miles S.S.W. of Nagpur city.

Mekalgandi Ghat, 150 miles S.S.W. of Nagpur city.

Eajamandri, 350 miles S.E. of Nagpur city.

Kateru, 2 miles N. of Eajamandri.

Pangacfl, 10 miles W. of Eajamandri.

Description of Fossil Shells, from the above-described Deposits.

By the Rev. S. Hislop.

I. Shells from the Freshwater Strata of Nagpur and neighbouring

parts of Central India.

Melania quadrilineata, J. Sowerby, Trans. Geol. Soc. Lond. 2 ser.

vol. v. pi. 47. figs. 17-19.
This species was discovered by Dr. Malcolmson, who gives Chikni

as the locality where it is met with in the province of Nagpur. That
and the neighbouring village of KarwacZ have furnished the majority

of my specimens, though a few have been obtained from Pahacfeingha,

where they are found along with the species next mentioned. Beyond
our frontier, M. quadrilineata is common at Karuni, intermingled

with Unios.

Melania Httnteri, sp. nov. PI. Y. fig. 1.

M. testa subulata ; anfractibus 7-8, ltevibus, convexis ; sutura profunda ;
aper-

tura oblique ovata. Long. -5 ; lat. "2 unc.

The present species differs from the preceding in being desti-

tute of carince, in place of which it is furnished with a slight longi-

tudinal striation. Abundant at PahacZsingha. The specific name is

given in honour of the Rev. Robert Hunter, my esteemed colleague

for many years in the work of evangelization, as well as my highly

accomplished associate in geological research.

Paludina iSTOKMALis, sp. nov. PI. Y. figs. 2 a, 2 b.

P. testa rimata, oyato-conica
;
apice subacuto, sed saepius truncato ; anfractibus

5-6, yentricosis, sutura profunda separatis
;

apertura rotunda ; peristomate
continue Long. -8 ; lat.

-5 unc.

At KarwacZ rare ; at Takli and Phizdura more abundant. Specimens
have also been procured from Ambiakanti and Tundra, near Olam in

Hyderabad.

Those found at Takli are generally small, and truncate at the apex,

leaving only about 2\ whorls remaining. Those at the other localities
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are larger and complete. It is interesting to note that one specimen
has heen discovered in the estuarine beds at Kateru, decollate like the

generality of those furnished by the freshwater strata at Takli. This
is the only species which in size and shape resembles the typical

forms of Paludina, as represented by P. vivipara of Britain and P.

Bengalensis of India.

Paludina Deccanexsis, J. Sowerby, Trans. Geol. Soc. 2 ser. vol. v.

pi. 47. figs. 20, 22.

Besides the localities in the Hyderabad State, where this species

was met with by Malcolmson, it was also found by him in our pro-
vince at Chikni. Our observations have ascertained it to be common
wherever the strata are fossilifcrous ; but the best specimens are to

be had at Takli, Karwac?, and Chikni. My largest measures *3 by -2

of an inch. One of the specimens figured by Sowerby (fig. 21)
somewhat exceeds these dimensions ; but I am inclined to think that

the one represented there, as well as in fig. 23, belonged rather to

the genus Valvata. A Paludina, apparently of the present species,

was found in the sandstone underlying the lower trap of Sitabaldi

Hill.

Palttdina Wapsharei, sp. nov. PI. V. fig. 3.

P. testa parva, ovato-conica, ltevi, apice acuto, spiraliter unifasciata, rarius

bizonata ; anfractibus 5, convcxis ; sutura impressa
; apertura oyata, supcrne

angulata. Long. -2; lat. -1 una

At Karwac? somewhat frequent ; at Phizdura rare. This elegant

little shell I have great pleasure in dedicating to my friend Major
Wapshare, of the Madras Army, who prosecuted the study of Indian
geology with much zeal, and added to our collection of Nagpur fossils

many important contributions. It bears a considerable resemblance
to P. Beccanensis, but diners from it in its smaller size, in the thin-

ness of its shell, and in the possession of stripes of colour. In tho

common specimens there arc two bands, one of which is always
covered up by the succeeding whorl, the other being left visible a
little below the middle of the whorl. But specimens occur in which,
besides the hidden stripe, there are two hands adorning the exposed

portion of the volutions, which they divide into three equal parts.

Palttdina acicularis, sp. nov. PI. V. fig. 4.

P. testa clongato-turrita, subulata vel subcylindraeca, lsuvi, unifasciata ; anfractibus

8-10, subconvcxis; apertura oblique ovuta, supeme angulata. Long. lat.

•08 una

At TelankhedS very abundant ; less frequent at Butara. It occurs

also at Chichundra, beyond the boundary of our province. At Takli

and Little Tisti, shells of the same slender form are met with, but
exhibiting no band of colour, most probably on account of the un-
favourable character of the matrix, or from baring been bleached

before they were imbedded.

Palvdixa Pvr.vmis, sp. nov. PI. V. fig. 5.

r. testa rimata, pyrainidata ; apice acuto ; anfractibus !•, sulv<>nve\is, regulariter

creseentibus
;
apertura ovata, supcrne angulata. Long. I'.'i ; lat. •! una

Very rare. Found at Telankhc</i with the last-mentioned, but
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only as a calcedonous cast, so that it cannot be determined, whether

the shell was striped, though analogy would lead to the belief that

it was.

Paludina subcyllndbacea, sp. nov. PI. V. fig. 6.

P. testa elongato-turrita, unifasciata ;
apice subacuto ; anfractibus 8-10, convexius-

culis ; apertura parva, ovata, angusta, superne angulata ; labii margine sub-

reflexo. Long. 45 ; lat. -17 unc.

. TelankhecZi, rather rare. The dimensions of the largest specimen

are given above. It has, however, lost at least two of its upper

whorls ; otherwise it would have exceeded half an inch in length.

Palttdina Sankeyi, sp. nov. PI. Y. fig. 7.

P. testa subfusiformi, unifasciata ; anfractibus 9, valde sive parum convexis

;

sutura impressa; apertura ovata, superne angulata. Long. 4; lat.
-17 unc.

TelankhecZi, somewhat common. With this interesting species I

have,associated the.name of Captain Sankey, of the Madras Engineers,

who investigated with much success the deposit in which it is found,

and has since earned the highest honour at the hands of our Queen,

by his distinguished valour in recent Indian campaigns.

- The five species just described constitute a group requiring more
special notice.

It may be supposed that the differences between P. Deccanensis

and P, Wapsharei are not so great as to warrant their being made
into two separate species. Variety in the colouring of a Helix or

Bulimus I admit not to be a sufficient ground for specific distinction

;

but I am not ^aware that there is the same latitude in freshwater

genera. In the genus Paludina, it is well known that, when a species

is banded, there is no great agreement in the number of stripes ; but
in all the Indian species that have fallen under my observation, I

have never found one wholly destitute of stripes that is usually pos-

sessed of them. This seems also to have been the rule in former

days. Of the three species, P. acicularis, P. subcylindracea, and
P. Sanlcey i, I have discovered no well-preserved specimens unstriped,

in the same matrix as yielded the striped specimens. Now, at

KarwacZ, in the very same fragment of rock, and equally well-pre-

served, we meet with two sorts of specimens,—one larger, thicker in

the' shell, and unstriped ; the other smaller, thinner, and sometimes
exhibiting one band of colour, sometimes two. To me it appears

there is as much difference between these two forms as between

many others that are properly reckoned specifically distinct.

The difficulty about the remaining forms, which I have grouped
with P. Wapsharei, relates to a still higher question—that of genus.

At first sight the slenderness of these four species, taken along with
the more or less reflexed character of their inner Hp, would lead to

the conclusion that they belong to Bulimus ; and with this infer-

ence would agree the position of the coloured stripes which three

of them exhibit, and which it is presumed all possessed. For some
time I entertained this view ; and I find that it has commended itself

to most of my friends in this country, who have examined the

specimens. But the abundance in which they have been procured

at Telankhecft, almost to the exclusion of other sheiks, forbids pur
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assigning them to any genus of land molluscs. In this perplexity

,

the discovery of P. Wapsharei was most opportune. In it we have
a shell that so nearly agrees with P. Deccanensis in form as to admit
of no doubt being entertained that they are both of the same genus

;

while it also agrees so exactly with the four species under considera-

tion, in regard to the position of the stripes of colour, as to warrant

our using the certainty of our knowledge as to its genus, in the deter-

mination of the genus of those that are more doubtful.

If this be allowed, then the group of Paludinidce which I have
indicated bears an obvious relation to the species described by Olivier

under the name of P. bidimoides, which is characterized by coloured

bands situated precisely as in our five fossil species of Paludina, and
varying in number from one to two in the exposed portion of each

whorl, after the manner of P. Wapsharei. Perhaps an examination

of the animal of P. bidimoides, which inhabits Syria and Egypt, may
afford some grounds (as suggested to me by that distinguished

•naturalist, Mr. S. P. Woodward) for constituting it and the fossil

species resembling it into a subgenus.

Paludina Takllensis, sp. now PI. V. figs. 8 a, 8 b.

P. testa ovato-conica, elongata, laevigata, apice truncato ; anfractibus 7-8, convexis,

valde separatis
;
apertura ovata. Long. -5 ; lat. "2 unc.

Found at Takli, from which locality it derives its specific name.
The dimensions above given are of a smaller specimen. The only

other one that has been discovered consists of three lower whorls,

indicating a shell, when entire, of at least -7 by *28 of an inch.

Paludina soluta, sp. nov. PI. V. fig. 9.

P. testa crassa, ovato-conica
;
apice obtuso ; anfractibus 5, ventricosis ; sutura

incisa
;
apertura subrotimdata. Long, 5 ; lat. 3 unc.

At KarwacZ, rare ; but common in the Narbadda territory, whence
specimens are brought to Xagpur by stone-polishers as paper-weight s.

This species agrees with the preceding one in the looseness of its

whorls, but differs from it in its greater breadth and the smaller

number of its volutions.

Paludina conoidea, sp. nov. PI. V. fig. 10.

/'. testa conoidea, apice subacuto ; anfractibus f>, coniplanutis ;
apertura ovata.

Long. 41 ; lat. '2o unc.

Found occasionally in the red clay of Phizdura.

Paludina Kawksi, sp. nov. PI. V. fig. 11.

P. testa magna, dongato-turrita. plenunquc truncata ; anfractibus 8, forsitan

usque ad 11, convexis; sutura imprcssa
;
apertura ovata, supcrne annulate;

pcristomate interrupto; labii inargiuo reflexo, suberassato. Long. Go; lat. 3.

Takli, common. The measurement given i.s of a specimen that

has lost only its two uppermost whorls ; but a much larger spec imen,

that i.s so decollate us to have only 4] whorls left, measures '.) by f>

of an inch, and must have extended to an entire length of 1 ' inch.

Some specimens exhibit a tendency to n pupilbrm appearance. Tliis

species, which possesses some .similarity to the existing conturUt

of Shuttleworth, I have named in honour of \V. W. Kuwos, Ksq.,

of the Madias Medical Service, wlio.se love for natural history is
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equalled only by the generosity with which he bestows on others the

valuable specimens, both recent and fossil, that he has discovered.

.Paludina Yirapai, sp. now PL Y. fig. 12.

P. testa turrita
;
apice acuto, plerumque truncate ; anfractibus 8, forsitan ad 10,

complanatis ; sutura sat impressa
;
apertura ovata

;
peristomate interrupto ; labii

margine reflexo. Long. 1-1 ? ; lat.
-5 unc.

Takli, with the last,—the chief difference between the two being,

that in young specimens as well as old of P. Rawest the base is

rounded, whereas iu P. Virapai, as might be expected from the flat-

ness of the whorls, it is angular. In affixing the specific name I wish

to acknowledge the services of Yirapa, my collector, a native re-

markable for intelligence and acuteness of observation.

Yalvata minima, sp. nov. PI. Y. fig. 13.

V. testa perpusilla, discoidea, subtus late umbilicata ; anfractibus 3, rotundis, ver-

ticaliter tenuissinie striatis ; apertura rotunda. Diam. -05 unc.

At Little Tisti, KarwacZ, Butara, and Karuni, somewhat frequent.

At the two localities first mentioned, the specimens retain the deli-

cate shell, with its very fine striation. This is the most diminutive

species of Valvata that I have seen. It is considerably smaller than

the young of V. cristata, which has received the specific name of

V. minuta. The figure is magnified.

Yalvata ttnicarinieera, sp. nov. PL Y. fig. 14.

V. testa turbinato-conoidea ; apice subacute ; anfractibus 5-6, subventricosis, infra

suturam unicarinatis ; umbilico magno ;
apertura subrotunda. Long. 4

;

lat. -27--3S unc.

This shell is considerably more elevated in the spire than any
recognized species of Valvata with which I am acquainted ; still

the resemblance which its carina bears to those of V. tricarinata of

Say, and its funnel-shaped umbilicus, remove from my mind all hesi-

tation in referring it to that genus. The American species displays

two carince on the exposed part of the whorl ; whereas our fossil

species has only one, which occupies the position of the upper carina

in V. tricarinata. I believe it has a carina in the part of the whorl
that is covered up, as is the case with the other ; but cannot speak

definitely, owing to the difficulty of detaching the shell entire from
the siliceous matrix in which it is found in both of its localities,

Butara and MalanwacM. At the former place it occurs along with
V. minima.

Yalvata multicarinata, sp. nov. PL Y. figs. 15 a, 15 6.

V. testa turbinato-conoidea, niulticarinata
;
apice subacute ; anfractibus 6, ven-

tricosis, inter carinas verticaliter ornate striatis ; umbilico magno
; apertura

subrotunda. Long. 4 ; lat. *3 unc.

Common at Little Tisti
; rare, and only as a cast near Takli. This

shell is very difficult of determination. Some have considered it a
Cyclostoma ; others have preferred the allied genus Leptopoma

; but,

in my opinion, it occurs too frequently, and that over a large area, to

belong to any family of land shells. Its sculpture, consisting of nu-
merous spiral keels or ribs with intermediate vertical striation, is very

k e the ornamentation of Paludina costata of Quoy
;
but, at the same
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time, it is characterized by such a decided perforation, as to demon-

strate that it has no affinity with either that or any other species of

Paludina. Judging from its form, which so greatly resembles that

of the species last described, I am inclined to place it in the same

genus. And it is interesting to discover that, though the American

existing species of Valvata already referred to, and the fossil V. mul-

tiformis, are the only ones which arc known to possess as many as

three obvious carince, yet there is a tendency to this structure even

in the common species V. piscinalis, which, under a lens, exhibits

several rudimentary carince. Our fossil woidd be ranked with the

V. striata of Philippi, which it much resembles, were it not that the

position of the .Sicilian shell itself is doubtful, it being supposed to

be very improbable that a freshwater mollusc should be found

entombed with marine organisms ; but perhaps the occurrence of

a single specimen of Paludina normalis in similar circumstances, at

Katcru, may go far to obviate this objection. If we look to lacus-

trine deposits for analogues, I would point to the Grignon beds,

where we meet with a univalve which, under the specific name of

cornu-jxistoris, Lamarck has classed with the genus C>/dostoma. But
as this shell is extremely like the Indian one now under considera-

tion, and as the latter cannot, as I have remarked, belong to a ter-

restrial genus, I would take the liberty of referring them both to the

only lacustrine genus which seems at all likely—I mean Yalvata.

And it is not a little remarkable that at Grignon, where C. cornu-

pastoris occurs, there is also found C. spiruloides of Lamarck, which

Peshayes docs not consider to be a Ci/clostoma, but which, as it

appears to me, is obviously auother species of Valvata ; and thus it

would seem that we have an association of forms at a locality in

France, which finds its counterpart in the combination of V. multi-

carinata and V. minima at Little Tisti in Central India.

Yalvata decollata, sp. nov. PI. V. figs. 10 a, 16 b.

V. testa ovato-conicn, paululum elongata, tcnuilcr multicarinata
; apiee trun-

cate) ; anfractibus fortassc 0, convexis, inter carinas vertiealiter elegantissinio

striatic; apertura ovata. Long. "46 '!
\ lat. "28 une.

At Takli, rather rare. This species agrees with V. vnicarinif, ra

and V. multicarinata in the size of its umbilicus, and with the latter

in great measure in the character and number of its carina', hut it

diners from both in the elongation of its form. All the specimens,

both old and young, that I have seen are truncate. This species

evidently departs more widely than any other from the typical form
of Valvata.

Scccixea JsAorrrtEXsis, sp. nov. PI. V. fig. 17.

S. testa parvula, ovato-oblon^a ; >pira tnedioeriter exscrla ; apice obtusiusculo ;

anfractibus 4, convexis, obli.|iiis, ultimo spiram niulto supcrante
;
aperture

ovata. Long 27 ; lat. Hi unc

Very rare, only one specimen, and that a calcedony cast, having
been discovered at Telankluy/i, along with the slender, striped

Paludinas.
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Ltmn^ia ovieormis, sp. nov. PI. Y. figs. 18 a, 18 6.

L. testa ovato-ventricosa, apice acuto ; anfractibus 5-6, convexis, ultimo spira

longiore
;
aperturalate ovata, superne angulata. Long. •5- -72 ; lat. *25- -4 una

Very rare at Takli and Phizdura, from the former of which places

the smallest specimen was obtained. Phizdura yielded two, both of

them larger than that from Takli. The general contour of this species

is somewhat typical, possessing an intermediate character between L.

injiata and L. ovum. Of existing Indian species, L. luteola approaches

very near it, both in size and shape.

Limn#:a. stjbulata, J. Sowerby, Trans. Geol. Soc. 2 ser. vol. v. pi. 47.

fig. 13. PLY. fig. 19.

L. testa subfusiformi, apice acuto ; anfractibus 6^, convexis, sutura impressa se-

paratis, ultimo spira breviore ; apertura angusta ; labio brevi, sinuato ; labro

arcuato. Long. 11 ; lat.
-25 una

Telankhecft, somewhat common. As Sowerby's description and
figure were from an imperfect specimen, I have here given a new de-

scription, and another figure is appended in PI. Y. fig. 19.

LlMN-SIA ATTENTJATA, Sp. nOV. PI. Y. fig. 20.

L. testa elongato-turrita
;
spira attenuata

;
apice acuto ; anfractibus 7-8, convex -

iusculis, sutura excavata separatis, ultimo longitudinis trientem vix superante ;

' apertura parva, acute ovata; labio brevissimo; labro arcuato. Long. 1-05; lat.

•2 una

Telankheeft, rather rare. I am not sure that this form is spe-

cifically distinct from the preceding, along with which it is found.

The chief points of difference between the two are, that the one

which I have ventured to distinguish as attenuata is considerably

more slender, and at the same time exhibits more whorls than the

other in an equal length of spire. The great resemblance between

this form and the living North American species L. gracilis scarcely

needs to be pointed out. In India there is nothing at all similar to

it in the genus Limrma, though there is in the allied sinistral genus,

Gamptoceras, established by Benson.

Limn^a Telankhediensis, sp. nov.

Yar. peracuminata. PI. Y. fig. 21 a.

L. testa elongato-turrita, apice acuto ; anfractibus 8, planulatis, superne ventri-

cosis, sutura profunda separatis, ultimo longitudinis dimidio longiore; .aper-

tura angusta, ovata, superne angulata ; labio brevi ; labro subarcuato. Long.
•65

; lat. -16 una

Telankhecft, common.

Yar. Bacliolus. PI. Y. fig. 21 b.

L. testa obeso-fusiformi, apice obtuso ; anfractibus 7, convexiusculis, ultimo lon-

gitudinis dimidio breviore; sutura satis impressa; apertura oblongo-ovata,

superne coarctata. Long. -5
; lat. 45 una

: Telankhecft, Takli, Butara, and Karwadf, somewhat frequent.

.

LiMisr^A spina, sp. nov. PI. Y. fig. 22.

L. testa subcylindracea vel turrito-aciculari, apice acuto ; anfractibus 7-8, con-

vexiusculis, ultimo longitudinis trienti fere sequali ;
apertura parva, angusta,

ovata, superne coarctata. Long. -4 ; lat.
-
1 una

TelankhecZi, and Takli frequent.
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In closing my observations on the genus Limncea, I cannot avoid

calling attention to the unusual form which, for the most part, it

assumed in India at the period of our intertrappean formation. Of
several hundred specimens which I have discovered, only three have

been found of the inflated type so common at the present day. All

the others have belonged to species remarkable for the number and
slenderness of their volutions. It may be supposed that, with such

a form, they ought to be referred to some other genus (e.g., Achatina

or Glandina, and Gcecilianella) ; and certainly our L. spina and L.

Telanlchediensis in both its varieties remind us of such a group of

Achatinoi as is represented by A. balanus, A. subulata, and A. soli-

dida, or of Ccpxdianella as comprehends C. Grateloy/pi, C. nyetelia, and

C. nanodea ; but I do not see, if the larger species of these slender

shells are to be classed with the L. gracilis of Say, how the smaller

can be separated. They have the same form of spire and aperture,

and the same kind of striatum, whereas the groups of land shells

above alluded to are distinguished by the general smoothness or,

even, polish of their surface. But the argument which weighs most

with me, is that it is not conceivable that the remains of any terres-

trial genus of mollusc should be found so abundantly and widely in

our deposit as these shells arc.

It is not easy to point out strata where a similar scries of fossils

may be met with, In a paper on the (Ecology of Billy la Mon*-

tagne*, which was brought to my notice by my friend Dr. Oldham,
I)e Poissy describes several species of univalves under the generic

name of Achatina. Our L. attenuata strikingly resembles his A.

Uiltymsis when the latter is a right-handed shell; and others of

our species have an affinity to others of his in the same condition ;

bill none of ours have any tendency to a sinistral direction of the

spire. Whether, with this important difference, the fossils from the

two localities belong to the same genus, it is not for me to offer an

opinion.

Physa Prixskpii, J. Sowcrby, Trans. Gcol. Soc. vol. v. pi. 47.

figs. 14-1(5.

This species was established by Sowcrby from specimens found by
Malcolmson, at Chikni in the province of Nagpur. and one or two
localities in the Hyderabad territories. As they do not seem to have

been either numerous or in % 1 condition, I shall take the lihertj of

submitting another description from the ampler materials at my com-

mand. All may be arranged under three forms,- -the first of which 1

would regard as the type of the species, and the other two as varie-

ties on the opposite extremes.

Piiys.v Prixskpii (normal!*). PI. Y. fig. 2'.] a.

P. tosta inpento, ovata, decanter Mriata, spira wit longn : nnfniclilms 7 ^. con-

vcxis, suturu iniprc.»*a ncparatis, tillinio spirit plcni' duplo liuijniv ; npcrlurii

ovato-oblonga, suporne nnpulata ; columella ineras-aia. l! 70 ;
hit . I

.'>(>

unc.

* Mem. Soc. Cieol. France, U err. vol. iii.
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Var. elongate. PI. Y. figs. 23 b, 23 c.

P. testa subturrito-elongata, spira producta, apice acutiusculo ; anfractibus 7-8'

convexis, sutura distincta separatis, ultimo longitudinis dimidio fere aequali

;

apertura ovato-oblonga, superne angulata ; columella incrassata. Long. 2 67 ;

lat. T2 unc.

Yar. inflate. PI. Y. fig. 23 d.

P. testa ovato-ventricosa, maxime contorta, spira brevissima, apice obtuso

;

anfractibus 7-8, turgidis, sutura impressa separatis, ultimo spira fere triplo

majore
;

apertura ovato-oblonga, superne angulata ; columella incrassata.

Long. 2 '8 ; lat. 1*85 unc.

All these forms may be procured, within the province of Nagpur,

wherever the deposit is fossiliferons, especially at Takli, TelankhecZi,

Butara, and Phizdura. Excellent specimens have been obtained also

from Chichundra by Captain Sankey and others ; but the best have

been kindly forwarded to me from the hills on the north of Ellichpur,

by Dr. Bradley, of the Bombay Medical Service. Michelin has

named the species that occurs at Billy P. gigantea, from its great

size ; bnt his largest specimen faUs y^-ths of an inch short of one of

ours in length. But these dimensions are insignificant to those of a

specimen that I have seen from Sdgar, which measured 3*8 inches in

length, and, making allowance for crushing, 2-4 in breadth. Most of

our specimens, however, are young, and in this state do not much
exceed in size P. nummulitica from the marls of Sabathu, which

they also not a little resemble in shape. The occurrence of the last-

mentioned species in marine strata is paralleled by the discovery of

P. Prinsepii at Pangaeft and Kateru.

Unio Malcolmsoni, Hislop.

TJnio ticmida, J. Sowerby, Trans. Geol. Soc. 2 ser. vol. v. pi. 47. figs. 11 & 12.

JJ. testa laevi, suborbiculari, inflata, subajquilaterali ; valvulis subcrassis ; margine
ventrali intus abquando crenato. Diam. "65

;
long. -7 ; lat. *8 unc.

This shell was first found by Malcolmson at Mekalgandi Ghat,

which is the only locality that has furnished my specimens. Eor
Sowerby's specific name tumida, which in its masculine form had

already been employed by Betzius to designate an existing species, I

have taken the liberty of substituting the name of the lamented

discoverer. The length of this and other bivalves here described is

measured from the umbo to the base ; the breadth from the anterior

to the posterior margin.

Uxio Deccanen-sis, J. Sowerby, Trans. Geol. Soc. 2 ser. vol. v. pi. 47.

figs. 4-10. PI. YI. figs. 24 a, 24 b, 24 c.

U. testa lam, subelliptica, obliqua, valde inaBquilateraK ; postice producta,

truncata et compressa ; valYulis crassis, obscure radiatis ; margine ventrali

intus sajpius crenato ; natibus prominulis, subterminalibus, ad apices elegan-

tissime radiato-rugosis ; dente cardinali parvo, laterali praelongo atque subar-

cuato. Diam. 1*7
;
long. 2 -2 ; lat. 34 unc.

Sip Ghat, north of Ellichpur and Karuni, common. We have

thought it requisite to furnish a more complete description ; and a

new figure is given in PI. YI. figs. 24 a, 24 b, 24 c.

TJnio Hunteri, sp. nov. PI. YI. fig. 25.

U. testa lsevi, subquadrangulari, inasquilaterali, postice compressa ; valvulis sub-



1859.] nisior FOSSIL SHELLS of nagpur. 175

crassis, obscure radiatis
;
margine vcntrali intus crenato ; natibiis promimdis,

ad apices ornatissime radiato-rugosis. Diam. 1
;
long. 1*5; lat. 24unc.

Karuni, common. Dedicated to the llcv. 11. Hunter. This shell

very much resembles the last. The valves of both have an inward
radiated structure, which becomes quite apparent on their surface

being weathered. But besides a difference in size between them,

the anterior margin of U. Deccanensis, which is the larger species, is

remarkable for its shortness, seeming as if it were entirely rounded
oft', while in U. Eunteri it is produced to an average length.

Unio mamillatus, sp. nov. PI. YII. fig. 26.

27. testa subcuneiformi, ina;qmlaterali
;

postice producta, angulata, compressa

;

valvulis crassis et una maruillarum serie instructis ; natibus elevatis, ad apices

decore radiatis. Diam. 10; long. 2 -3; lat. 3 9 unc.

Karuni, frequent. There is no species of Unto in India at present

to be compared with that now under consideration. The young of

Unioparma from Tcnasserim, I observe, is furnished with tubercles,

but in a double row ; and the shell is moreover much more orbicular.

The well-known U. spinosus is the species which seems to come
nearest ours, especially in the position of its single row of appendages.

Unio imbricates, sp. nov. PI. VII. figs. 27 a, 27 b, 27 c.

U. testa suborbicidari, subffiquilaterali, intcrdum postice valde angulata ; valvulis

squamarum, seu magis imbricum, serie una instructis; margine vcntrali intus

crenato; natibus elevatis. Long. 2'2; lat. 2-'6 unc.

Frequent at Mekalgandi Ghat along with U. Malcohnsoni. This

shell is formed on the same model as the preceding in regard to the

situation of the row of ornamentation, which is about the centre of

the valve, and anterior to the umbonal ridge ; but the shape of the

yalves and of the ornamentation in the two cases is very dissimilar.

Unio Carteri, sp. nov. PI. YII. fig. 28.

U. testa lavi, transversa, subelliptica, compressa, intequilaterali, ad basin

emarginata; vavidis crassiusculis ; natibus prominulis, ad apices clcgantissiuio

radiatis. Long. 17; lat. 3*5 unc.

Karuni, rather rare. This handsome shell, which, except in its

being longer, exhibits a close affinity to U, Jamesianus of Lea, I

propose naming after my friend H. J. Carter, Esq., of the Bombay
Medical Service, who has dune much towards the illustration of the

geology of the East, as well as the elucidation of some of the obscurest

points in animal and vegetable physiology.

In our series of fossil Cnionhhr, which seems to be rather North
American than Asiatic, there are some prevailing features. All,

with the exception of /
'. Mitlcolmsoiti, are characterized by an umbonal

ridge more or less prominent, and, with the exception of it and ('.

imhricatus (both of which, from the nature of the matrix, possess a

very indistinct surface), an- ornamented with beautiful small curved

furrows radiating from the apex of the umbo, and presenting their

concave side towards its anterior margin. This kind of sculpture is

somewhat like that which is seen on Inios in the Deo-an at the

present day •. but it never covers so much of the beak, nor does one

of the curved rays ever unite with another so as to form the undula-
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tions so common on modern Indian Unios. It is worthy of notice

that none of the beaks of our fossil bivalves had been eroded before

being imbedded in the deposit,—a circumstance which would indicate

a comparatively small quantity of acid in the waters of our ancient

lake. Another peculiarity may be here mentioned ; and that is the

scarcity of the genus now engaging our attention in the Tertiary rocks

of Nagpur. Excepting at Chikni, and at KarwacZ and Koc^bara, which
are in its immediate neighbourhood, no Unios have been found at

any of the numerous fossiliferous localities within our province, while

they abound on the north, west, and south—in the Narbadda territory,

in the ceded districts of Berar, and in the Hyderabad dominions. At
Kocflbara, where true Unios are met with, there are found nodular

concretions, which have been crushed into a shape so very similar to

that of Unio as to deceive all but a practised eye.

II. Shells from the estuarine strata near Bajamandri.

Fusus PYGimaus, sp. nov. PI. Till. fig. 29.

F. testa minima, ovato-fusiformi, longitudinaliter costata, spiraliter striata
; spira

,
producta ; anfractibus 6, superne subangulatis

;
apertura oblongo-ovata?

Long. -15 ; lat.
-08 una

Kateru, rare, only one specimen having been found. The figure is

magnified.

Pseudoliva elegans, sp. nov. PL VIII. figs. 30 ff, 30 b.

P. testa ovato-ventricosa vel ovato-globulosa, costata
;
spira brevi Tel brevissima

;

anfractibus 5-6, ultimo ad basin unisulcato, super et subter sulcum striia

ornato
;
apertura ovata, angusta vel lata ; columella arcuata, callosa ; labro

simplici, supeime incrassato. Long. L4; lat.
-9 unc.

Kateru, common. The extremes of form in this handsome shell

are so great as to lead to the supposition that they belong to different

species ; but this idea vanishes on an examination of the intermediate

forms. The congeners of the present species are to be sought under

various names,

—

e. g. the Sulco-buccinumjissuratum of d'Orbigny, and

the Monoceros vetustus of Conrad.

Natica Stoddardi, sp. nov. PI. VIII. fig. 31.

N. testa orata, inflata
;
spira brevi, apice subacuto ; anfractibus 7, convexis, sutura

vix impressa separatis, ultimo multo majore; apertura obliqua, semilunari,

ad basin rotundata; columella arcuata, callosa; labro simplici, crasso; um-
bilico angusto. Long. 14; lat. LI unc.

Kateru, common. Of this shell also there are several varieties,

but all referable to one species. It possesses a spire longer than

usual among Naticas, in this respect slightly surpassing N. Dolium
(d'Arch.) of the Indian nummulitic rocks, which in other points of

view it greatly resembles. In general contour it is also closely related

to N. intermedia (Desh.), though smaller. I gladly dedicate this

species to my obliging friend Capt. Stoddard, of the Public Works
Department of Madras, in grateful acknowledgment of the valuable

collection of estuarine fossils with which he has favoured me.

Cerithxum multiforme, sp. nov. PI. VIII. figs. 32 a, 32 b, 32 c.

C. testa subcylindracea seu elongato-pyramidaK, seu etiam pupiformi; anfrac-

tibus 11-13, longitudinaliter costulatis ; costellis 4-6, striis spjralibus granulatis

;
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ultimi anfractus basi subplana, spiraliter sulcata
;
apertura ovata ; columella

brevi ; labro tenui, sinuoso.

Long. -82 lat. "16 unc.
•8 -27

„ 105 „ -3 „

Kateru, common. Of all the protean shells from this deposit, tho

present is the most variable. The dimensions given above will

convey an idea of the proportions of three of the most marked
varieties.

Cerithtlm sxjBCYLrxDKACETTxr, sp. nov. PI. VIII. figs. 33 rt-33 d.

C. testa multispirata, subcyUndracea, acuminata ; anfractibus planis, serie granu-

lorum triplici cinctis
;

cingulo primo lato, reliquis angustis, aequabbus

;

ultimi anfractus basi plana, spiraliter sulcata
;
apertura subquadrata ; colu-

mella brevissima, uniplicata. Long. 1*5 ; lat. 23 unc.

Var. a, cingulis 4, moniliformibus
;
primo lato, secundo angustissimo, reliquis

regulariter crescentibue.

Kateru, common j but the var. a. is not so abundant as the other.

Cerithittm Leithi, sp. nov. PI. VIII. fig. 34.

C. testa elongato-conica ; anfractibus subplanis, longitudinaliter costatis, spiraliter

striis sulciformibus exaratis, ultimi anfractus basi tenuiter cancellata
;
aper-

tura ignota. Long. 14 ; lat. *45 unc.

Kateru, extremely rare. "With this shell, of which only one speci-

men has fallen under my observation, I would connect tho name of

my friend A. H. Leith, Esq., of the Bombay Medical Service, one of

the most accomplished naturalists in the East.

CERiTnnrji Stoddardi, sp. nov. PI. VIII. fig. 35.

C. testa elongato-coniea ; anfractibus 14-15, profunde confertimque spiraliter

striatis, et costis ornatis ; costis magnis, nodiformibus, medio acuminatis
;
aper-

tura ovato-rotunda, canali latiusculo terniinata. Long. 3 3; lat. 1*4 unc.

Kateru, common. This shell, which is perhaps the most marked
of the series, possesses a character somewhat intermediate between

the fossil ft semicostatum, Desh. and the existing C. nodidosum, P»rug.

Named after Capt. Stoddard.

VlCARYA FUSIFORMIS, Sp. nOV. PI. VIII. figS. 30 CT-3G c.

N. testa fusiformi ; anfractibus LO-12, planis, sutura lineari separatis, primis

cingulis ornatis. ultimis la-vibus
;
apertura parva, subquadrata, eanaliculatu

;

columella retroflexa; labro sinu insigni inciso. Long, rlfl; lat.
-4 unc.

Kateru, common, though specimens showing the perfect aperture

are rare. This genus (which w as established by d'Archiae for a shell

from the Indian Nummulitic strata) is characterized by a deep notch

in the outer lip. It is interesting to find a second species also in

India. This is much smaller than the first, and is comparatively

devoid of ornamentation, the little there is being confined to the

upper whorls.

Tcriutkm.a i-K.iao\<;.\, sp. nov. PI. VIII. figs. a-'A~ d.

T. testa turrit issiina, gracili ; anfractibus numerosis, plains, supcrnc rin^uluin

latum i;raiiulosum, infi rm- sulciim unistriutuin cxliibcntibus; spntio interimdio

striis ."> Blibgranulosis ornato ; ultimi anfractus Mtriis npirulibua pene ubsolotis
;

apertura ovato-rotunda. Ixmg. 40 ; lat. \» unc.

Var. a, cingulo lato cmiiientiniv, Mriis fortioriluis, sulco obeolcto.

Kateru, common ; var. a. somewhat rare.
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Hydeobia Ellioti, sp. nov. PI. VIII. fig. 38.

H. testa parva, ovato-conica, laevigata, apice acuto ; anfractibus 6, convexiusculis

;

sutura impressa; apertura ovata; labro simplici. Long. "14; lat. "07 unc.

Kateru, somewhat frequent. Named after the Honourable Walter
Elliot, member of the Madras Council, who has given an account of

the strata at Kateru, and is well known for his many scientific

attainments. The figure is magnified.

Hydeobia Carteei, sp. nov. PI. VIII. fig. 39.

H. testa minima, ovato-conica, laevigata, apice subacuto ; anfractibus 5, convexis

;

sutura impressa
;
apertura ovata ; labro simplici. Long. -09 ; lat.

-05 unc.

Kateru, common. This species is in every respect smaller than

the preceding. It is named after H. J. Carter, Esq. The figure is

magnified.

Hydeobia Beadleyi, sp. nov. PI. VIII. fig. 40.

H. testa minima, turrita, apice subacuto ; anfractibus 5 (?), convexis ; sutura

impressa
; apertura oblongo-ovata ; labro simplici. Long. -09 ; lat.

-035 unc.

Kateru, rare. Dedicated to "W. H. Bradley, Esq., to whom, as

mentioned above, I am indebted for my best specimens of Physa.

The figure is magnified.

HEMITOMA? 31TTLTIRADIATA, Sp. nOV. PI. VIII. fig. 41.

H. testa elliptica, depresso-conica, decussata
;
apice subcentrali, costulis majoribus

18-20 ab apice radiantibus, minoribus 3 interjectis
;

costulis, prassertim ad
anticum marginem, squamosis. Ax. maj. -45; min. "33; alt.

-2 unc.

Kateru, rare, only one specimen having been found : this has in

front of the apex a fissure, which occasions some difficulty in deter-

mining the genus ; but most probably it is only accidental. The
figure is magnified.

Osteea Pangadiexsis, sp. nov. PI. IX. fig. 42.

0. testa ovato-elongata, superne acuta; valva superiore plana, margine intus

crenulato. Long. 2-9 ; lat. 1-95 unc.

Pangacft, very common. I regret that I have had an opportunity

of examining only the upper valve.

Axomia Kateruexsis, sp. nov.

Var. suborbicularis. PI. IX. fig. 43 a.

A. testa suborbiculari, subsequilaterali ; valva superiore convexa, solidiuscula,

irregulariter radiata ; mnbone vix prominente. Long. -75 ; lat. -88 unc.

Var. Modiola. PI. IX. fig. 43 6.

A. testa ovato-elongata ; umbone prominente. Long. '77 ; lat. *55 unc.

Kateru, rare. Of the two varieties here described, I have not

seen the lower valve.

Lima, sp.

A small species of this genus is met with, though rarely, at Kateru

;

but my only specimen has been lost.

Perxa meleagrixoides, sp. nov. PI. IX. fig. 44.

P. testa meleagriniformi, valde rostrata, compressa, obsolete concentrice laminata

;

margine cardinali piano, recto, 5-7ties sulcato et dentato. Long. l
-76; lat.

l -55 unc.

Kateru, rather rare.
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MODIOLA, Sp.

A species of ModioJa occurs at Kateru, but in too fragmentary a

state for description. Impressions of this genus, as well as of Lima,
abound at Pangacfi.

Arca striattjxa, sp. nov. PI. IX. figs. 45 a, 45 b.

A. testa parva, ovato-oblonga?, subdepressa, tenuissime longitudinaliter striata;

cardine subrecto, multidentato
;
rnargiue integro. Long. "3 ; lat. "5 (? ) unc.

Kateru, rare. The only specimen found is imperfect.

Xitcula pusilla, sp. nov. PL IX. fig. 46.

N. testa minima, laevigata, ovato-transversa, obliqua, valde inequilateral]

;

dentibus mmutissimis. Long. '04 ; lat. •(.)."> unc.

Kateru, rare. A delicate little shell. The figure is magnified.

Lttcina parva, sp. nov. PI. IX. fig. 47.

L. testa minuta, tenui, suborbiculari, eonvexiuscula, eoncentrice striata ; dento
laterali antico sat conspicuo. Long. - 14 ; lat. '15 unc.

Kateru, rare, only a single valve having been found.

Ltjcina (Kellia ?) nana, sp. nov. PL IX. fig. 48.

L. testa minima, subtrigono-orbiculari, laevigata, subcompressa. Long. -09

;

lat.
-09 unc.

Kateru, somewhat rare. The genus is doubtful, as the hinge
cannot be seen.

Cordis elliptica, sp. nov. PL IX. fig. 49.

C. testa elliptica, subventricosa, solida, cancellata ; lamellis transversis crebris,

ad marginem ventralem crebrioribus. antice posticeque plieato-crispis
; margine

intus crenulato. Long. 17; lat. L9 unc.

Katem, rather frequent. Of this shell there are young specimens
which, by their greater thinness and transverseness, vary from the

typical form of the species as much as the C. lamellosa of Deshayes
differs from his C. pectunculns.

Corbicula ixgexs, sp. nov. PL IX. fig. 50.

C. testa suborquilaterali, transversim ovato-rotundata, eonvexiuscula. eoncentrice
striata; natibus subcrassis, antrorsum incurvis : valvic dextrae dentibus ear-

dinalibus duobus, posteriore magno ; lateralibus lamcllosis, striatis, puruin
arcuatis, perlongis, posteriore longiore. Long. 2'08 ; lat. 2'3 unc.

Kateru and Pangarfi, frequent. This shell is remarkable for its

size. The subdivision of Cyrena to which it belongs occurs in tho

livers of India at the present day. Among my specimens there may
be another species, thicker and more inequilateral.

Carmta variabilis, sp. nov. PL IX. figs. 51 a, 51 l>, 51 c.

C. testa solida, subquadrato-ovata vcl oblique subrotunda ; costis circiter viginti,

convexis, gcnieulato-nodulosis ; nodulis ad marginem ventralem atque poste-

riorem obsoletis; costurum interslitiis longitudinaliter suleatis; natibus pro-
minentibus interdum valde gibbosis, incurvis; margine profunde latequo

crenato. Long. 193; lat. 1*75 unc.

Kuteru, common, and very variable in form.

Carmta? pusilla, sp. nov. PL IX. fig;. 52.

C. testa minima, suborbiculari, tcuui; costis cinitcr 1-, convcxia. Long. 07;
lat. 0(5 unc.

Kdteru, rather rare, Genua somewhat doubtful.

vol. xvi.—PART i. o
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Cythebea orbicularis, sp. nov. PI. X. fig. 53.

C. testa orbiculari, insequilaterali, convexiuscula, solida. transversim tenuiter stri-

ata; natibus obliquis, prominentibus. Long. 11 ; lat. 11 unc.

Kateru, rather rare.

Cttheeea Wilsont, sp. nov. PI. X. fig. 54.

C. testa ovato-trigona, subseqiulaterali, complanata, transversim tenuissimo

striata ; natibus minimis. Long. -

7 ; lat.
-8 unc.

Kateru, frequent. Named after the Rev. Dr. Wilson of Bombay,
the distinguished orientalist.

Cytherea "Wapsharei, sp. nov. PI. X. fig. 55.

C. testa ovata, subtrigona, convexiuscula, inEequilaterab, tenuiter striata ; natibua

parvis. Long. -

6 ; lat. "7 unc.

Kateru, rather rare. Named after Major Wapshare.

Cytherea Rawesi, sp. nov. PI. X. fig. 56.

C. testa ovata, convexa, solida ; striis accretionis irregularibus ; natibus promi-

nentibus. Long. -86 ; lat. -91 unc.

Kateru, rather rare. Named after Mr. Rawes.

Cytherea Jerdoni, sp. nov. PI. X. fig. 57.

C. testa ovata, convexiuscula, iniequilaterali, postice producta, tenuiter striata
;

natibus prominulis. Long. -93; lat. LI unc.

Kateru, not unfrequent. This species somewhat resembles C.

Wilsoni ; but it differs from it in its greater thickness, the inequality

of its sides, and the shape of both its anterior and posterior margins.

Named after T. C. Jerdon, Esq., of the Madras Medical Service, and

a distinguished naturalist.

Cytherea elliptica, sp. nov. PI. X. fig. 58.

C. testa elliptica, transversa, convexa, inasquilaterali, ad marginem ventralem

transversim sulcata ; natibus parvis. Long. -8 ; lat. 1 -0 unc.

Kateru, rather rare.

Cytherea Httnteri, sp. nov. PI. X. fig. 59.

C. testa rotundato-elliptica, convexa, inasquilaterali, ad marginem ventralem

transversim sulcata ; natibus minimis. Long. "6 ; lat.
-73 unc.

Kateru, rare.

Tellina Woodwardi, sp. nov. PI. X. fig. 60.

T. testa ovato-suborbiculari, subsequilateraK, compressiuscula, concentrice sub-

tiliter striata; margine ventrali convexo, dorsali utrinque subdeclivi, antice

paululum longiore ; natibus parvis, acutis ; flexura satis conspicua. Long. -47

;

lat.
-58 unc.

Kateru, rare. Named after S. P. Woodward, Esq., the eminent

naturalist, who directed my attention to it, and to whom I am under

great obligations for his advice on various points in drawing up this

paper.

PSAMMOBIA JONESI, Sp. nOV. PI. X. fig. 61.

P. testa oblongo-ovata, insequilaterali, compressiuscula, transversim tenuiter

striata
;
margine ventrali subrecto, dorsali utrinque subdeclivi, postice longiore

;

extremitate antica rotundata, postica obtuse angulata ; natibus parvis. Long.

57 ; lat. -87 unc.

Kateru, somewhat frequent. Named after T. Rupert Jones, Esq.,
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the able Assistant-Secretary of the Geological Society, to whom I

have been deeply indebted on many occasions.

Corbula Oldhami, sp. nov. PL X. figs. 62 a, 62 b.

C. testa ovato-oblonga, gibbosa, subsequivalvi, postice rotundata, antice angulato-
acuminata, transversim tenuiter striata. Long. "5; lat.

-76 unc.

Kateru, rather rare. This species bears a considerable resemblance
to Potamomj/a or G. ochreata of Hinds, which inhabits streams in

Brazil at the present day. Dedicated to Dr. T. Oldham, the eminent
superintendent of the Geological Survey of India.

Corbula sulcifera, sp. nov. PI. X. figs. 63 a, 63 6.

C. testa valva minore. subtrigona. gibbosissima, transversim profunde sulcata

;

margine ventrali valde et irregulariter arcuato. Long. -87
; lat. -9 unc.

Kateru, rare.

Shells from the freshwater strata of the Narbaddd Territory.

Bulhius Oldhamianus, sp. nov. PI. X. figs. 64 a, 64 b.

B. testa ovato-conica, inflata: anfractibus 6, convexis, sutnra satis impressa
separatis; apertura ovata, superne angulata; columella inferne contorta,

superne dente sive tubereulo calloso munita
;
labro lvilexo. Long. -53; lat.

"3 unc.

Dedicated to Dr. Oldham.

Pisldium Medlicottiaxcm, sp. nov. PL X. figs. 65a, 65 6, 65c.
P. testa parva, ventricosa, subirquilaterali, eoncentrice tenuitor striata sulcisque

5 ornata; natibus prominulis. Long. -12; lat.
- 12 unc.

With this species I have much pleasure in associating the name of

the Messrs. Medlieott of the Indian Geological Survey.

The two shells last-described are found in the Narbadda territory.

Correct drawings of them have lately been furnished to me by my
friend Dr. Oldham. Pisidium Medlicottianvm occurs also at Bfekal-

gandi Ghat in the Hyderabad territory, whence I obtained a cast

some years ago.

P.S.—Since the preceding remarks were in type, I have been fa-

voured with a proof-sheet of the forthcoming Report of the Indian

Geological Survey on the Narbadda District. Dr. Oldham takes credit

to the Survey for having long since suggested the age of the Maha-
dewa sandstone. The render, however, will have seen that my view

of the>e beds is somewhat different from Dr. Oldham's, as he holds

them to be possibly the equivalent of the Xumniulitic limestone* ;

M

whereas I find them in situ below the Physa-deposit, and therefore

they must be at least as old as the Lower Koeene. That they cannot

bo much older is an inference from the discover}' in them of a Palu-

<lina similar to one in the Intertrappean deposit of Central India.

To the opinions of the Survey on this latter rock, while they were

unpublished, I did not think it right to allude; but now that tiny

have been given to the world, I must be pardoned for expressing a

doubt as to its being, in any part of Central India, of Wealdeii age.

* Mem. freol. .Surv. of India, vol. i. p. 171

o 2
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Wherever our intertrappean deposit is fossiliferous, there the same
genera and species of shells occur, not to say that they are also met
with in the subtrappean strata along with Pachydermatous bones,

On Sitdbaldi Hill we have the intertrappean shell-bed near the top,

and the Mahadewa sandstone at the base. Now, were we to adopt

the Survey's view of the age of these two rocks, we should have the

Wealden above the Nummulitic formation. Dr. Oldham considers

it unlikely that Physa Prinsepii should be preserved in the strata

near Eajamandri ; but no improbability will be felt when it is

remembered that such a fragile shell as Psammobia Jonesi and others

still more delicate have been preserved. In adopting his « priori

mode of reasoning, my friend must have forgotten that a veritable

Physa Prinsepii was discovered at Pangac/i in the same block with

marine shells* ; and I may add that I saw it with my own eyes

before Mr. A. Schlagintweit (to whom reference is made) could bear

similar testimony.

Notes on some Fossil Insects from Ndgpur.
By Andrew Murray, Esq., E.E.S.E., &c.

The specimens placed in my hands (thirteen in number) all belong

to the order Coleoptera.

They chiefly consist of single elytra ; in one case of two together,

although somewhat crushed out of position ; and in another, of a

beautifully preserved abdomen. The tribes to which they belong

(so far as decipherable) are the Bupresiiclee and Curculionidce ; but
I cannot identify any as belonging to living modern genera, much
less species. This is not to be wondered at, when we consider

that, although in most cases it might not be very difficult to deter-

mine the genus and even the species of known recent insects by actual

comparison of such fragments as we have here, it would be quite

impossible to determine with accuracy the genera of neAV species

(however recent and fresh), although we migbt easily enough fix

upon the tribe or family to which they belong. But, if to the

difficulty arising from the fragmentary state of the materials be added
that such new species by being fossilized are deprived of all colour,

have lost their natural consistency, and generally have nothing left

but the outline of the fragment with a few faint traces of their

original markings, it will easily be seen that any opinion (worth
having) on the subject must be given with great caution, and must
be very much confined to a general indication of the whereabouts of

the animal in the series.

So qualified, the opinion which I have formed on the specimens is

as follows :—
No. 1 (PI. X. fig. 66).—A well-preserved elytron from Takli,

found by Dr. Eawes (Buprestidce—Lomatus Hislopi, Murray).

—

Elytron depressed and approaching to tbe form of the elytron in

Phcenops, turning in with an obtuse angle near the apex, and the

outline thence continuing nearly straight to the apes. It is now

* Quart. Jourii. G-eol. Soe. vol. xi. p. 385.
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almost smooth, but has been striated, though not deeply ; and there

is the appearance of a faint wide reticulation across the interstices,

which are impunctate.

There have been seven striae and a short sutural one ; the third,

fourth, and fifth intervals appear a little more prominent than the

rest, but none of them assume the form of strongly marked costae

predominating over the rest ; the striae (judging from a short indi-

cation at the apex) have been punctate ; they are straight, and run

down from the base to the apex or margin without curve; there is

a very marked reflexed margin, commencing a little below the

shoulder and continuing to the apex. At the shoulder, and for some
distance after, the margin of the elytron is inflexed, below the re-

flexed portion. The suture is sloped away a little at the base ; from
which we may infer that the scutellum was not a small square or

rounded one encroaching on the elytron, as in many genera of

Buprestidoe, but rather triangular, or perhaps invisible, as in Chry-
sochroa, &c. Judging from the texture, it is probable that the

elytron had a metallic lustre. There is no appearance of serration

or emargination at the apical margin.

Length of elytron. 5 lin. : breadth, 1| lin.

On the whole we have nothing corresponding to this elytron in

existing Buprestidao, nor is there anything in Mr. Westwood's, or

other authors' figures of fossil insects which 1 have seen, correspond-

ing to it ; and as it is sufficiently well-marked to allow of other

specimens being identified with it, and even referred to it as a genus,

I would propose to constitute a new genus for it under the name of

LoiiHtttis (from Aw/ia, a margin, referring to the margined elytra); and
I add the specific name Hishpi, in honour of Mr. Hislop. to whom,
along with Mr. Hunter, we chiefly owe the discoveries in geology

made in the Nagpur district.

No. 2 (Bapresti<la> '>).—Crushed basal half of the elytron of appa-

rently a Buprcstidous insect, but in too bad a state to be decipher-

able or deseribable.

No. 3 [Buprest'uhpl).—A portion of the apex of an elytron bearing

punctured stria?. Tin- stria? straight, except the exterior one. the

punctures transverse : the apex angular, as in Lomotils 17ishij>i
(
Xo.l),

and a slight raised margin ; but the fragment is too small and too

indistinct to allow much to be said about it. It is obviously a por-

tion of a much smaller insect than the two preceding.

The size of the presenl bisect might be about [i lines, that of the

preceding about 7 or 8 lines.

No. 4 (Bujorestida"?).—This is a linear fragment apparently of two
elytra crushed into a position at right angles to each other, and then

again crushed into another aii_r!e longitudinally. We have neither

base, nor apex, nor margin. We neither know its length, nor its

breadth, nor its form. All we know is, that the elytron must have

lK'cn more than half an inch in Length, certainly more than 1] lines

in breadth ( judging from the crushed portion. prohaMy more than

3 lines in breadth): that the elytra were pun< tatc-Mriatc. and that



184 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [June 15,

the striae had a tendency to run two and two together. It must
have been a larger insect than any of the others we have, and more
probably Buprestidous than anything else.

No. 5 (Curcidionidce—Meristos Hunteri, Murray) (PI. X. fig. 67).

—A beautifully preserved small abdomen, and a slight view of the

margin of the elytron. The legs are wanting ; but the cavity for the

joint of the posterior legs remains, showing their position. The abdo-
minal segments are five-—two broad ones at the base, two narrow
ones towards the apex, and a broad apical one, each lower than the

preceding segment. The texture has been hard, and probably not

pubescent ; and the surface is coarsely punctured. The elytra seem
round, and are coarsely punctate- striate.

Some of the recent Curculionidce have very nearly this arrange-

ment of the abdominal segments (Cherrus, an Australian genus, for

instance) ; and after a careful review of the different characters in

different tribes, I have come to the conclusion that this is a Curculio,

though to what family it should be referred I do not pretend to say

:

still, as it is distinct, I have proposed the generic name Meristos for

it, alluding to its divisions, and the specific name Hunteri, in honour
of Mr. Hunter.

Length, 1^ lin. ; breadth, | lin.

No. 6 (Curculionidce).-—A single elytron, either curved out of shape

or singularly bent in at the scutellum, slightly costate, but appa-
rently not punctured.

Length of elytron, 2\ lin.
;
breadth, 1 lin.

No. 7 (Curculionidce).—A small, straight, narrow elytron, deeply

punctate -striate ; the striae geminate, and the third and fourth united

near the apex. Has some resemblance to the form of the elytra on

the Phyllobiidae (of which, one genus, the Myllocerus, is East Indian

at the present day), but was apparently of a harder consistence.

Length of elytron, 1 lin.
;
breadth, | lin.

No. 8 (Curcidionidce).—A single elytron of an insect, apparently

allied to Myllocerus, punctate-striate, the interior striae appearing to

unite with the opposing striae towards the apex. The texture would
appear not to have been very hard.

Length of elytron, 3 lin.
;
breadth, 1 lin.

No. 9 (Curculionidce).—A single elytron, apparently belonging to

the same group, punctate-striate ; the interstices are slightly raised,

and a delicately punctured line runs down them, so that it gives the

elytron the appearance of having each stria separated by two deli-

cate costae.

Length, 2^ lin.
; breadth, | lin.

No. 10 (Curculionidce).—Portion of"a single crushed elytron, appa-

rently belonging to the same group, punctate-striate, the striae

joining the opposing ones at the apex,—viz. the outmost joining the

sutural stria, the second joining the second outmost, and so on.

Length of elytron, probably 3 lin. ; breadth, h lin.

No. 11 (Curculionidce).—A fragment of a small elytron, pretty



1855).] MURRAY—FOSSIL INSECTS FROM XAOrCR. 185

well defined, punctate-striate ; nine striae, the sixth and seventh ap-

parently enclosed by the rest. (Fig. 68.) It corresponds more closely

with the elytron of an undescribed genus from Australia than any
other which I have seen.

Length, 1| lin.
;
breadth, ^ lin.

No. 12 (Curculionidce).—A single elytron, somewhat flat on the

surface, with occasional depressions ; base straight ; the margin in-

flexed, and extending down only for a short space
;
deeply punctate-

striate ; nine or ten striae (the margin being not clearly decipher-

able), the fourth and fifth, third and sixth, &e, uniting towards the

apex. (Fig. 09.)

This is a somewhat puzzling specimen, the flat surface and rather

hollow inflexure of the margin suggesting a Buprestidous affinity

;

but the deep punctation, depressions on the surface, and arrange-

ment of the striae show a greater affinity with the Curculionidae,

and remind one of a small Minyops.

Length of elytron, 2 lin. ; breadth, i lin.

No. 13 (Curmlionidce).—Two elytra together, but obviously

crushed ; at first sight, perhaps one might be disposed to view them
as the remains of a Heteromcrous insect. But I think it is the

crushing which gives this appearance, and that it is really a Curcu-
lionidous insect with the inflexed and rounded margins of the elytra

squeezed out flat. Pushed out of shape as it is, all that can be said

is that there are eight striae visible (there may be one or two more not

seen); the striae arc delicately punctate, the punctures being minute
and wide apart ; and the fourth and fifth, third and sixth striae are

united, as is common among the Curculionidae. (Fig. 70.)

Length of elytron, 2j lin.
;
breadth, 1 lin.

I cannot take leave of this interesting collection without drawing
attention to the fact that these insects arc all of small, and most of

them of minute size. This is quite in accordance with previous

discoveries of fossil insects, which have mostly been found of mi-
nute size ; and I think, so far as may be guessed at from these

specimens, we are warranted in saying that the Entomological Fauna
of Xagpur, at the era of these fossils, was probably smaller than

that of the present day,—at all events, certainly not larger ; for

although it is now well known that in all parts of the world, tro-

pical as well as temperate, minute insects predominate, still a chance

collection of a dozen flotsam and jetsam insects in the present dav
would, I think, have furnished some larger species than any now
before me. I would also wish to observe that, although all the

insects are minute, the only species which give any indication of

temperature (the Bwprutida ) point more to a warm climate than a

temperate one. The Cn rct'li'midif , to which the greatest number
belong, give no indication either way. bring found (<>f the size in

question) equally in temperate and tropical regions.
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Note on the Fossil Cypridce from Ndgpur.
By T. Rupert Jones, Esq., E.G.S.

In the Trans. Geol. Soc. 2 ser. vol. v., Mr. Sowerby has described

(in the " Explanation of the Plates") two species of Cypris from the

fossiliferous chert of the Sichel Hills
; namely Cypris cylindrica

(op. cit. pi. 47. fig. 2), and C. subglobosa (fig. 3). These occur
more especially between Munoor and jSutnoor in company with
Unio ; and near Nutnoor in vast numbers, associated with abun-
dance of Gyrogonites and some Limnei. At Chickni also, nearer to

Nagpur, they occur with Melania, PaludincB, and Limnei. I have
examined the original specimens presented by Dr. Malcolmson to

the Geological Society, and have not been able to detect among
them clear evidences of any other species of Entomostraca.

The specimens procured by the Rev. Messrs. Hislop and Hunter
from the neighbourhood of Nagpur comprise a large variety of

Entomostraca, and frequently the carapaces are perfectly pre-

served,^—a condition very rare in the materials which Mr. Sowerby
examined. I have not, however, seen from jNTagpur any rock so full

of these little fossils as some of the chert from near JNutnoor is.

1. Cypris cylindrica, Sow.—This appears to be tolerably abun-
dant in the freshwater deposits near Nagpur. The largest indi-

vidual I have met with is about ^-th inch in length ; nor have I

seen larger ones in the chert from the Sichel Hills. Sowerby's
figure indicates -1-th inch for the size ; but perhaps this may have
arisen from an error of the engraver. Minute individuals also

occur ; also a markedly curved specimen, constituting perhaps a
variety. C. cylindrica has living representatives in the fresh waters
of JSTagpur. See Dr. Baird's description of recent Entomostraca
from JNagpur in the Zool. Proc. 1859.

2. Cypris subglobosa, Sow., is very abundant among the materials

submitted to me by Mr. Hislop. Ordinarily the specimens have a
length of about y^th inch, with a diameter of -g^-th ; and the smallest

are about ^th inch long. A few individuals differ from the com-
mon form in their proportions ; one being y^th inch long, by ^-th
thick, and has the extremities nearly equally acute : this is pro-

bably a variety. The largest C. subglobosa which I have seen was
collected by Mr. Hislop ; it is -£th inch long, j^th high, and yL-th

thick.

Most of the individuals are rather more strongly arched, or even

angular, on the back, than Sowerby's figured specimen, and the

anterior extremity is more distinctly compressed. The ornament,

appearing under a pocket-lens to consist of punctate marks, is really

a fine reticulation, which passes into wrinkles on the ventral region.

C. subglobosa belongs to H. de Saussure's subgenus Chlamydo-

iheca, characterized by a doubled margin at the extremities of the

valves. The figures given by Dr. Baird in the Zoological Society's

Illustrated Proceedings of the variety of this species now living in

ponds of Nagpur well represent this feature. As Dr. Baird's re-

cent specimens differ from the fossil forms in having a less gibbous
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back, a somewhat convex ventral face, and apparently a different

number of lucid spots, and as they want also the longitudinal

wrinkles of the ventral surface, they must be at least varietally

distinct.

Dr. Carter has recognized in some fossil Gyprides from Bombay
the marginal appendix, or " lunate fossa," of the anterior extremity.

3. Gypris Hislopi, spec. nov. PI. X. fig. 71.

This has a somewhat triangular carapace, much compressed to-

wards each extremity, and is not unlike G. celtica, Baird, but is

more obtuse at the hinder end. It is -±-th inch long, and y^th high at

the anterior hinge, which is more acute in the old individuals than
in the young. The surface is brownish, with delicate wrinkly reticu-

lations, passing into punctation.

4. Gypris Hunter/, spec. nov. PI. X. fig. 72.

This is a rarer form. It is of the same size as G. Hislopi, but

differs materially in form, being nearly oblong, subeylindrical, thick,

and bulky ; whilst the latter is subtriangular and comparatively flat.

1 have not seen a well-preserved exterior. Small specimens less than

-j^tli inch occur.

5. Gypris strangulata, spec. nov. Plate X. fig. 73.

This Gypris is somewhat oblong in profile, but rounded behind,

and obliquely rounded in front, irregularly ovate seen from above,

triangular on end-view, and constricted in the anterior region of

each valve by an oblique linear depression, commencing behind the

anterior hinge, and curving forwards and downwards. The cara-

paces vary considerably in the gibbosity of the valves. Ordinary

specimens are -.7MI1 inch long, -j^th high, and jAjth thick.

(J. In a whitish siliceous rock from Chickni. presenting innume-
rable cavities left by decomposed Cyprides and other minute fossils,

we have numerous Entomostraeous valves, mostly much flattened,

some of which are referable to C. cylindrical but the majority pre-

sent such protean proportions, varying from orbicular to oval and
oblong, as we trace them from size to size, that I hesitate to separate

them specifically. They all appear to have partial marginal rims,

and to be smooth. One of Dr. Band's figures of Gypris dentato-

marginata is not unlike some of these specimens from Chickni.

7. From Kateru (from an cstuarine deposit) we have a few very
small specimens of a subeylindrical form, which are relatively shorter

and thicker than ('. cylindrica, and have a somewhat angulated

hinge-line. These may belong to the Cythcr'uUv.

8. In a piece of rock from Punga'/i there is a trace of an Ento-
mostraeous carapace, possibly a Gythere.

0. Some drawings of Kntomostraeous carapaces, from the Inter-

trappean beds of the Xarhadda Territory, have been shown me by

the Rev. S. Hislop. The drawings have heen made from specimens

collected by the (ieological Survey of India. I can only BUggOSl that

probably Gypris tubghbosa and C. Hislopi are among the specimens

referred to.
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Fossil Freshwater Shells from the Nagpur Territory.

Melania quadrilineata, Sow.

Hunteri, spec, nov PI. V. f. 1.

Paludina normalis, spec, nov „ f. 2 a, 2 b.

Deccanensis, Sow.

Wapsharei, spec, nov „ f. 3 (magnified).

acicularis, spec, nov ,, f. 4.

Pyramis. spec, nov ,, f. 5.

subcylindracea, spec, nov „ f. 6.

Sankeyi, spec, nov „ f. 7.

Takliensis, spec, nov „ f. 8 a, 8 b.

solute, spec, nov „ f. 9.

conoidea, spec, nov ,, f. 10.

Eawesi, spec, nov „ f. 11 a, 11 b.

Virapai, spec, nov „ f. 12 a, 12 b.

Valvata minima, spec, nov „ f. 13 (magnified).

unicarinifera, spec, nov „ f. 14.

multicarinata, spec, nov „ f.\ba,\bb.
decollate, spec, nov „ f. 16 a, 16 b.

Nagpurensis, spec, nov „ f. 17.

Limmra oviformis, spec, nov ,, f. 18 a, 18 b.

subulate, Sow „ f. 19.

attenuate, spec, nov „ f. 20.

Telankhediensis, spec. nov.

var. peracuminata ,, f. 21 a.

var. Radiolus ,, f. 21 b.

Spina, spec, nov „ f. 22.

Physa Prinsepii, Sow. (normalis) „ f. 23 a.

var. elongata „ f. 23 b, 23 c.

var. inflate „ f. 23 d.

Unio Malcolmsoni, Hisl. (=U. tumida, Sow.)

Deccanensis, Sow PI. VI. f. 24 a, 24 b, 24 c,
r

Hunteri, spec, nov „ f. 25.

mamillatus, spec, nov PI. VII. f. 26.

imbricatus, spec, nov „ f. 27 a , 27 b, 27 c.

Carteri, spec, nov ,, f. 28.

Fossil Estuarine Shells from jRajdmanclri.

Fusus pygmaaus, spec, nov PL VIII. f. 29 (magnified).

PBeudoliva elegans, spec, nov ,, f. 30 a, 30 b.

Natica Stoddardi, spec, nov ,, f. 31.

Cerithium multiforme, spec, nov ,, f. 32 a, 32 b, 32 c.

subcylindraceum, spec, nov „ f. 33 «, 33 b, 33 c, 33 d.

Leithii, spec, nov „ f. 34.

Stoddardi, spec, nov „ f. 35.

Vicarya fusiformis, spec, nov „ f. 36 a, 36 b, 36 c.

Turritella prtelonga, spec, nov „ f. 37 «, 37 b, 37 c, 37 d.

Hydrobia Ellioti, spec, nov „ f. 38 (magnified).

Carteri, spec, nov „ f. 39 (magnified).

Pradleyi, spec, nov ,, f. 40 (magnified).

Hemitoma? multiradiata, spec, nov ,, f. 41 a, 41 b (magnified).

Ostrea Pangadiensis, spec, nov PI. IX. f. 42.

Anomia Kateruensis, spec. nov.

var. suborbicularis ,, f. 43 a.

var. Modiola „ f. 435.

Lima, sp.

Perna meleagi'inoides, spec, nov ,, f. 44.

Modiola, sp.

Area Btriatula, spec, nov ,, f. 45 a, 45 6.
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Kucula pusilla, spec, nov PI. IX. f. 4(3 (magnified).

Lucina parva, spec, nov „ f. 47 (magnified).

(Kellia ?) nana, spec, nov „ f. 48 (magnified).

C'orbis elliptica, spec, nov „ f. 49.

C'orbicula ingens, spec, nov „ f. 50.

Cardita variabilis, spec, nov „ f. 51 a, 51 b, 51 e.

pusilla, spec, nov „ f. 52 (magnified).

Cythcrea orbicularis, spec, nov PI. X. f. 53.

Wilsoni, spec, nov ,, f. 54 a, 54 i.

Wapsharei, spec, nov „ f. 55.

Eawesi, spec, nov „ f. 56.

Jerdoni, spec, nov „ f. 57.

elliptica, spec, nov „ f. 58.

Hunteri, spec, nov ,, f. 59.

Tellina Woodwardi, spec, nov ,, f. 60.

Psammobia Jonesi, spec, nov „ f. 61 a, 61 b.

Corbida Oldhami, spec, nov „ f. 62 c, 62 b.

sulcifera, spec, nov „ f. 63 a, 63 b.

Fossil Shells from the Narbaddd Territory.

Bulimus Oldhamianus, spec, nov PI. X. f. 64 a, 64 h.

Pisidium Mcdlicottianum, spec, nov „ f. 65 a, 65 b, 65 c.

Fossil Insects from the Ndgpur Territory.

Lomatus Hislopi, Murray PI. X. f. 66.

Meristos Hunteri. Murray „ f. 67.

Curculio? „ f. 68.

Curculio? „ f. 09.
Curculio ? „ f. 70.

Fossil Cypridcp from near Ndgpur.

Cyprifl subglobosa, Sow.

cvlindrica. Sow.

Hislopi. Jones PI. X. f. 71 a, h, r.

Hunteri. Jones „ f. 72 a, b, c.

ttrangulata, Jones „ {. 73 a,b,c,J.

Juxe 22, 1859.

ADJOURNED GENERAL MEETING.

The following communications were read:

—

1. Further Observations on the OssirEnors Caves near Palermo.
Hv Dr. Kaiconkh. F.K.S., F.O.S.

[An abridgment of this Communication has been printed at page 99.]

2. Josefb PbbstwicHj Esq., F.ll.s., Treas.G.S., gave in a few
words the results of the examination of 1 1 i

«
* Hone-cave at Hrixham

in Devonshire.

The cave has been traced along three large galleries, meeting or



190 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [June 22,

intersecting- one another at right angles. Numerous bones of Rhino-

ceros tichorhinus, Bos, Equus, Cervus tarandus, Ursus spelceus, and

Ifyama have been found; and several flint-implements have been

met with in the cave-earth and gravel beneath. One in particular

was met with immediately beneath a fine antler of a Reindeer and

a bone of the Cave-bear, which were imbedded in the superficial

stalagmite in the middle of the cave.

3. On a Flint Implement recently discovered at the base of some beds

of Drift-Gravel and Brick-earth at St. Acheul, near Amiens.

By John Wickham Flower, Esq.

[Communicated by Joseph Prestwieh, Esq., F.R.S., F.Gr.S.]

[Plate XL]

The implement or weapon which I desire to bring under the notice of

this Society, and a drawing of which accompanies these observations

(PI. XL), was found by me about a month since, when, in company
with Mr. Prestwieh and other Fellows of this Society, I visited some

gravel-pits near Amiens. When discovered, it was imbedded in a

compact mass of gravel, composed of large chalk-flints much water-

worn and rolled, and small chalk-pebbles. It was found lying at the

depth of sixteen feet from the upper surface, and about eighteen inches

from the face or outer surface of the quarry, to which extent the gravel

had been removed by me before I found it. The bed of gravel in ques-

.

tion forms the capping or summit of a slight elevation of the chalk. A
section of this pit, which Mr. Prestwieh lately exhibited to the Royal

Society*, showed that the gravel presents here a thickness of about

ten feet. Above this occurs a thin bed of coarse, white, siliceous

sand, interspersed with small rounded chalk-pebbles ; and above the

sand is a layer of strong loam, of a red colour, which is now exten-

sively worked for the purpose of making bricks. The remains of the

Elephant, Horse, and Deer have been occasionally found in the gravel

;

and we found in the sand which rests upon it an abundance of land

and freshwater shells, all of recent species. Wo fossils of any kind

were discovered by us in the brick-earth tying on the surface. At
the distance of a few hundred yards from the convent of St. Acheul

are the remains of an ancient Roman cemetery. A large stone tomb

is here left standing on the surface, the brick-earth having been

cleared away from it; and here many Roman coins and bronze

ornaments are found.

At St. Roch (about half a mile distant from St. Acheul), we also

examined a quarry of flint-gravel, of precisely the same character,

and, apparently, of the same period as that of St. Acheul. We pro-

cured from it two very fine tusks of the Hippopotamus, which had

* Proc. Roy. Soc. vol. x. no. 35. p. 51.
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been found twenty feet from the surface. These "were but little

rolled or broken ; and it seems probable, therefore, that the same

forces that transported these Hint implements to their present position

may also have deposited these remains of the Hippopotamus.

The first discovery of these flint instruments, as well in this quarry

as in other localities in the Valley of the Somme, is due to M.. Boucher

do Perthes, of Amiens. It was with a view to verity by personal

observation the result of his researches that our visit to St. Acheul

and the neighbourhood was undertaken. Mr. Prestwich had, indeed,

previously visited the spot, and had embodied the result of his re-

searches in a paper which was read before the Royal Society in May
last. He had not, however, succeeded in finding- one of these imple-

ments in ait it, although he had procured several of them from the

labourers. It was only after labouring for several hours that I suc-

ceeded in disinterring the specimen in question.

The residt of our examination perfectly satisfied us, as it had
already satisfied Sir. Prestwich. of the frequent occurrence <>f these

weapons or implements beneath the beds of loam, sand, and gravel

which 1 have described. We not only found two good specimens of

these implements, but we brought away upwards of thirty others,

taken from the same pit ; several of them are on the table. Some
of these were found at about the same depth as that which I dis-

covered, and some about four feet lower down. They were pro-

cured without difficulty from the labourers and their children. Mr.
Prestwich, on the occasion of his first visit, in company with Mr.
Evans, brought away about twenty specimens; and many others are

to be seen in M. Boucher de Perthes's Museum. They are so common
in the pit in question as to have acquired a trivial name, and are

known by the workpeople as lavgues de chut.

There is one peculiarity in these implements whic h appears to

deserve particular notice : they were evidently water-worn and
rounded pebbles before they were formed into weapons or tools; and

this, indeed, is just such a condition as we should expect to find.

None but people destitute of iron would have been content to use

such rude and uncouth instruments as these; and a people unprovided

with iron would also have been unable to quarry tin* chalk for the

sake of the Hint imbedded in it, but would have been forced to

content themselves with those fragments which lay scattered upon

the surface, or but a little below it. If we examine the specimens

closely, we find that, while the manufactured or worked surfaces

(namely the cutting edges and the point) are nearly as sharp and
dear as if worked yesterday, the portion left of the original, or, if

wo may so call it, the natural surface (that which has not been
struck off in the course of manufacture) is often veiy much water-

worn ; and it also presents that peculiar discoloration usually found

in flints long exposed to the influence of the atmosphere, extending

to the depth of a quarter or an eighth of an inch, and probably due

to some chemical change resulting from mechanical forces.

It would thus seem that those forces, whatever they may havo
been, by means of which these implements were carried into their
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present position, were in operation but for a short period, since other-

wise the sharp edges which they still retain would have been rounded

and worn, if not altogether obliterated ; and further, that the rolled

and discoloured surface of the flint-pebbles with which they are

associated (and from which indeed it seems probable that they were
originally taken and fashioned) was due to some former change

—

the drift or gravel having subsequently been merely shifted from

some other spot, bearing these implements with it, just as the loose

ballast in the hold of a vessel is shifted and rolled from one side

to another.

No one who attentively examines these implements can doubt that

they are the products of human skill. Rude and uncouth as they may
appear, that rudeness is probably not so much due to any deficiency of

intelligence hi the manufacturers, as to the want of iron or some other

metals wherewith to work. Probably no workman who found him-
self destitute of metal tools would be able to produce from flint-

pebbles more useful or elegant implements. Those who are familiar

with the forms which are presented in those flints which are casually

fractured will agree that it is almost impossible that even a single

flint should be so fractured by accident as to assume the shape of

these implements ; but here we have a great number, all taken from

a single quarry. Further, it will be seen that the original or natural

surface is never retained where it at all interferes with the shape and

symmetry of the weapon. Wherever it woidd have so interfered,

chiefly on the sides and at the point, it has been chipped away ; and

thus there has been no waste of labour, nothing having been removed

but that which was inconvenient. It will also be noticed that they

are all formed after a certain rude but uniform pattern ; they are

worked to a blunt point at one end, with a rude cutting edge on each

side, and a sort of boss at the other extremity, forming a handle or

hand-hold. In order the better to form this double edge, a ridge is

left running down the centre ; and the edges have been formed by
striking away the flint in splinters from each side, in a direction at

right angles with, or a little oblique to, the axis, the base or under

side being usually either flat, or but slightly convex.

The discovery of these implements under the circumstances in-

dicated cannot fail to suggest many interesting inquiries. We
should all desire to know something more concerning the persons by
whom, and the purposes for which, .they were fabricated,—how it

happened that so many of them were brought together in so small a

space,—and how it is that no remains have hitherto been found of

those by whom they were made and used. These, however, are

speculations which seem to belong to the province of archasology

rather than to that of geology ; and they are only now alluded to by

way of suggestion that topics of such importance and interest are

well deserving the investigation of archteologists.
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November 2, 1850.

William Fryer, Esq., 10, Marlborough-hill Gardens, St. John's

Wood ; Henry Salmon, Esq., 38, Coburg Street, Plymouth ; and tho

Rev. Samuel George Phear, M.A., Emmanuel College, Cambridge,

were elected Fellows. Dr. Ferdinand Roomer, Professor of Geology

and Paleontology at the University of Breslau, was elected a Foreign

Member.

The following communications were read :

—

1. On the Passage-beds from the Upper Silurian Rocks into the

Lower Old Red Sandstone, at Ledbury, Herefordshire. By the

Rev. W. S. Svmonds, F.G.S., Rector of Pcndock.

The transition, or passage-rocks, which connect the Upper Silurian

deposits with the basement-beds of the Old Red Sandstone epoch,

are most interesting to the geologist ; and as a very remarkable

section of these rocks is now visible on the line of railway near

Ledbury, in Herefordshire, a few notes with a sketch and section

may be acceptable.

In my communication on " The Old Red Sandstone of Hereford-

shire,'' published in the Edinburgh New Philosophical Journal (April

1, 1850, p. 232), 1 expressed my opinion that the Ludlow sections

on tho horizon of the passage-beds above the Downton Sandstone are

broken by faults, and that the true succession is therefore destroyed.

1 had come to this determination long before the beds now developed in

the railroad-cutting at Ledbury were exposed to view; and, having

again lately visited Ludlow, and compared the passage-rocks of that

district with those of Ledbury, I am convinced that nowhere perhaps

in the world is there such an exhibition of passage-beds presented to

the eye of the geologist as at the Ledbury tunnel, on the Worcester

and Hereford Railway. Fortunately most of the passage-beds are

laid open to the sunlight, and the important points exposed.

When engaged upon the Beetion, I was accompanied by my friends

Mr. Kdmond Richards, and the Messrs. Ballard, the Engineers on

the Worcester and Hereford Railway, to whom I return my best

thanks for their hearty and efficient cooperation.

The strata dip at an angle of 71° north-by-west. The accom-
panying sketch (sec fig. on p. 104) gives a view of tho beds look-

ing from the Ledbury side towards Dog Hill, and facing the tunnel-

mouth.

The beds exposed range, in descending order, from rocks of the age

of the Lower Old Red Sandstone ( No. 27 of section ) to rocks tli at pass

into the uppermost Silurian or Downton beds (No. 3), and include

the celebrated bluish-grey rocks of the Ludlow section, with similar

fossil fish, crustaceans, and shells.

Aymestry Rock (No. 1 ofseotion).

When I last visited the tunnel (a fortnight since, in company with

Sir Charles Hastings, Major T.iinaiil, and the Rev. J, Pearson), the
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" heading" was driven through a considerable thickness of the Led-

bury equivalent of the Aymestry limestone. The characteristic Pen-

tamerus Knightii has been discovered by Henry Brooks ; and abund-

ance of the PJiynchonella Wilsoni, with Strophomena euglyplia and

Atrypa reticularis, pervade the here impure limestone.

Upper Ludlow Rock (No. 2).

The workmen have discovered that a shale at the surface becomes

a rock, and an exceedingly hard rock, in a tunnel ; nevertheless these

beds are not so intractable as the Aymestry deposits, and soon weather

when exposed to the atmosphere. Many typical fossils are known,

as Chonetes lata, Distinct rugata, Serpulites longissimus, and Cornulites

serpularius, <fcc. Some of the beds contain nodular concretions of

iron-pyrites.

The bone-bed, at the summit of the Upper Ludlow Rock, has not

as yet been discovered at Ledbury.

Downton bed (No. 3).

The Downton Castle building-stone is but thinly developed in the

Ledbiuy tunnel, and the yellow character is not so persistent, while,

owing to a lateral wrench running from east to west, the interpreta-

tion of these rocks is rendered somewhat obscure. Mr. Collingwood,

a gentleman visiting Ledbury for the purpose of geologizing, has

detected the small Lingula so characteristic of these strata, and, as I

think, evidently a different species from the large Lingula of the red

and grey beds higher in the series, the Lingula cornea. I trust that

future excavations, and a brighter light than that obtained from

tallow-dips, will yet enable us to determine whether certain reddish

marly beds on this horizon arc in position, or let in by a fault.

Red and Mottled Marls with their Sandstones (Nos. 4 to 8 of section).

From the Downton beds to the entrance of the tunnel in the Red
Marls (No. 8), we find a series of red and mottled marls and sand-

stones, which have furnished no fossils excepting a large Lingula and

fragments of Pteraspis or Crphafaspis. All these strata are clearly

conformable to the Downton beds below, and the greyish-blue grits

and shales (see Nos. 9 and 12 of section).

Grey Shale and thin Grit (No. 9).

This thin band is conformably underlain by red marls, and con-

formably surmounted by red and purple shales and sandstones, I

have in my possession a portion of the head of a large C> jilia/nspis,

(C. Murchisotu) and a pincor of a Pt< rggoUm, both of which were dis-

covered and treasured up by Henry Brooks of the Homend, Ledbury,
a working shoemaker, and an indefatigable geologist. I can recom-

mend him as a most efficient local guide to the geology of the district.

Purple Shales and thin Sandstones (Nos. 10 & 11).

These rocks furnish a striking background to the grey rocks next

to be described, and which stand out in bold relief. No time, how-
ever, should be lost if geologists wish to behold this picturesque

section; for the pickaxe and shovel will soon destroy n succession of

VOL. XVI. PART L P
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escarpments beautiful to look upon, and reduce to the uniformity of a

railroad-cutting an exhibition of a peculiar series of rocks which the

geologist has long hoped to behold in situ. He may never have the

opportunity again !

Grey Marl passing into red and grey marl and bluish-grey rock

(Auchenaspis-beds) (No. 12).

I consider these beds as the equivalents of those liver-coloured

and greyish rocks, with the remains of crustaceans and fish, described

by Mr. Lightbody in the railroad-cutting at the railway-bridge, near

Ludlow. The mineral character of the Ledbury deposits differs con-

siderably from those of Ludlow, hard stone being much more de-

veloped at Ledbury, whereas at Ludlow shale is the character of the

deposit. The Ludlow beds, however, contain "pockets" of stone,

enveloped in shale, which I could not distinguish from the thick-

bedded building-stone of Ledbury, that contains such an abundance

of the Auchenaspis Salteri, Egerton, a figure of which is given in the

Quarterly Journal of the Society, vol. xiii. pi. 9. fig. 4, and by Sir

Eoderick Murchison in 'Siluria,' new edit. p. 155. In the Ledbury

beds, Henry Brooks has also detected portions of the fossil fishes

Pleetrodus, Cephalaspis, Pteraspis, and Onchus. Pterygotus Ludensis

also occurs, with a large Lingula. The Auchenaspis is so abundant,

that as many as four heads have been found upon a small slab a foot

in diameter ; the tail and body of this fish are as yet unknown. The
Auchenaspis-beds at Ledbury are 15 feet thick, and pass upwards
conformably into a series of red marls, with yellowish-grey and pink

sandstone, containing the relics of Pteraspis and Cephalaspis, which
are undoubtedly the base of the Cornstone series of the Old Red
Sandstone. Sir R. I. Murchison ranks the Cornstone-beds of the

Old Red Sandstone as the base of the series ; and undoubtedly, in

some instances, thin Cornstones are mineralogically developed near

the bottom of the Old Red ; but the Cornstones of Herefordshire, as

described by Sir Roderick in the 'Silurian System', the Cornstones

of Wall Hills, near Ledbury, of Foxley, Whitfield, Ewyas Harold,

Orcop, and Abergavenny are, I am convinced, at least two
thousand feet above the Downton sandstone, or highest Silurian

deposits.

The thick subcrystalline cornstones just alluded to are also, I

believe, higher in the Old Red series than the thin bands, inter-

stratified with sandstone, which are quarried near Leominster, at

Leyster's Pole, and many other places, and the characteristic fossils

of which are Cephalaspis Lyellii, Pteraspis Lloydii, and Pter.

Lewisii. Mineralogical nomenclature, therefore, is inappropriate

when applied to the physical position of rocks, and apt to mislead

those not conversant with the mineralogical peculiarities of different

districts.

The word "tilestones" (now happily abandoned by Sir R. Murchi-

son) is altogether inappropriate as applied to the Ledbury rocks.

There is not a stone capable of being formed into a tile, from the

Downton sandstone to the cornstones of Wall Hills; but there are
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thin mudcly marls over the Downton beds, which would have been

tilestones had they sufficiently hardened, and which are doubtless

the equivalents of the true tilestones.

I consider, therefore, the term "passage-rocks," as used by Sir

B. Murchison in the last edition of ' Siluria,' to be a more appropriate

appellation for these transition-beds, and one which allows to the

palaaontologist, as well as the physical geologist, a broad margin for

the line of demarcation between the two great epochs of the Silurian

and the Old Red.

2. On the so-called Mtjd-volcanos of Ttjebaco, near Carthagena.

By F. Bernal, Esq.

[In a letter* to Sir E. I. Murchison, F.G.S.]

(Abstract.)

TtTRBACO is a village, about fifteen miles from Carthagena, at an

elevation of about 980 feet above the sea. At a distance of about

three miles from the village, and at a rather higher elevation, in the

midst of a forest, are some twenty or thirty conical hillocks, about

8 or 10 feet high, each with its little crater or orifice, about 2 feet

in diameter. These are filled with a muddy water ; and every two
or three minutes a slight noise is heard, a bubbling-up of air or gas

takes place, the muddy fluid runs over, and forms into cakes of blue

clay. The water is quite cool, nor is there any present or anterior

marks or vestiges of the action of fire or heatf

.

3. On the Coal-formation at Auckland, New Zealand.

By Henry Weekes, Esq.

[Communicated by the President.]

(Abstract.)

The district is formed of stratified sandy clays, of Tertiary age

;

they vary in colour from white to light-red. The white clays con-

tain beds of lignite, varying from a few inches to several feet in

thickness. Sections of these beds are exposed along the banks of

most of the tidal inlets with which the district abounds. In some
places, near the hills, the lignite is seen to rest on trap-rock ; else-

where a shelly gravel underlies it.

At Campbell's farm a -whitish sandstone lies on the lignite, and at

the junction is hardened, and contains ironstone-nodules ; these, when
broken, yield remains of exogenous plants. A fossil resin is found

abundantly in the lignite. On Farmer's Land the lignite is If! feet

thick, including a little shale ; at Campbell's it is 7 feet thick, but thins

away. There is some iron-pyrites in the lignite, but not sufficient

to deteriorate its value as a coal. Similar coal has been found at

Muddy Creek to the S.VY. ; at Mokau, about 100 miles to the south ;

and near New Plymouth.

* Dutcd British C'onsulato, Carthagena, New Granada, Apri! !>, 1*.">!*.

t A sketch of these salses is given in Humboldt's ' Vues des Cordilleras.'

p 2
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The Tertiary beds of Auckland are everywhere broken, through

by extinct volcanos, varying from 200 to 800 feet in height. The
craters are generally scoriaceous, in a perfect condition, with a de-

pression of the rim usually to the north or east. There are also

around the district other volcanic hills, rounded, scoriaceous, more
fertile than the crateriform hills, and apparently of an older date.

4. On the Geology of the South-eastern part of Vancouver Island.

By Hilary Bauerman, Esq.

(Transmitted from the Foreign Office to Sir KoderickMurchison, F.R.S., F.G.S.,

and communicated by him to the Geological Society.)

The following remarks are the results of observations made during

the summer and autumn of the year 1858, and are designed to

illustrate a series of fossils and rock-specimens collected during tho

same time from the glacial, tertiary, and cretaceous formations of

the island, and from the metamorphic and igneous rocks of Esquimalt

and Victoria. The observations have been made at Esquimalt

and Nanaimo, and on board II.M.S. " Satellite " in the Gulf of

Georgia. The references in the sketch-section annexed are to the

map of the S.E. portion of Vancouver Island by J. D. Pemberton,

published by Arrowsmith. The beds are described in stratigraphical

order, commencing with the lowest.

1. Metamorphic and Igneous Hocks.—These are everywhere seen

in the neighbourhood of Esquimalt and Victoria, principally occurring

in the form of dark-green sandstones and shales, which pass by
insensible gradations into serpentine and chlorite-slate. They are

very full of small strings and veins of quartz. The harder beds are

very much jointed ; and it is often difficult to obtain a fresh fracture,

owing to their tendency to split into rhomboidal fragments, the sur-

faces ofwhich are generally much rusted and tarnished from the action

of water infiltered through the joints. Several beds of unfossiliferous

crystalline limestone are associated with the metamorphic rocks

above-described, and are often of considerable thickness. A section

in the cliff at the Boundary Commission Barracks exhibits alterna-

tions of compact and shaly blue limestone over a thickness of forty

feet, the strata being vertical. At another point on the bay, the

same series of beds, with greater variation of mineral character, is

seen dipping to the northward, at an angle of 50°.

The metamorphic rocks assume a gneissic character to the north-

ward of Esquimalt. On the shores of Thetis Lake, about two miles

distant, dark-green sandstones and mica-slates occur, which are

penetrated by dykes of largely crystalline greenstone and syenite

:

the former is made up of large black scales of hornblende and a light-

green felspar, and becomes syenitic by the addition of quartz. The
effect of these dykes on the rocks penetrated is very apparent, the

beds having been completely fused at the points of contact. At the

head of Victoria Harbour a dark laminated gneiss, with quartz-veins,

is exposed : the direction of the planes of lamination is N. 50° W.,
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with a N.E. dip of 35°-45°. Between Victoria and Esquimalt,

along the coast, the section shows a series of highly altered rocks,

confusedly intermingled with intrusive traps and porphyries. These

igneous rocks occur in large dykes, generally splitting and ramifying

into small veins near the contact with the rocks into which they are

intruded : their general composition is of hard white and green

felspar, often mixed up with quartz, forming the rock known as

" Petrosilex" or "Hornfels." Other conditions are induced by the

addition of crystalline quartz and hornblende, forming quartz-

porphyry and syenite. These different varieties of composition are

often seen in the same section,—the porphyritic character of the

centre of the dyke shading down into the hard, white, flinty trap

which fills the small veins thrown out at the sides. These rocks do

not in any case appear to be interstratified ; the impression they

convey is that of being offshoots from a granitic mass immediately

below.

The metamorphic character of the sedimentary rocks must be

ascribed entirely to chemical action, as no traces of slaty cleavage or

other mechanical action are anywhere observable. I have not been

able to obtain any evidence of their thickness or probable geological

position. I have examined the limestones and softer shales for fossils,

but without effect.

To the westward of Esquimalt, the older rocks are covered by
drift-deposits for some miles, and reappear in the form of black

cherty sandstones ; which are succeeded by a red porphyritic rock,

very much altered by infiltration of water : it is very earthy from
the partial change of the felspathic base, contains large patches of

chlorite, and is feebly magnetic from containing magnetite in minute
quantity. In a soft clay-slate adjoining, a large lode occurs, dipping

to the X.E. at an angle of 75° ; it is about five feet in thickness, but

contains no mineral of economic value. The serpentinous rocks in

Esquimalt Harbour are in many places coated with a bright-green

incrustation resembling a carbonate or silicate of copper ; but it

proves to be a hydratcd protoxido-silicate of iron when closely

examined,

To the eastward of Victoria Harbour, the metamorphie and igneous

rocks arc concealed by the drift. They arc seen in Stewart's Island,

in the Gulf of Georgia ; and in Suturna, the next island to the north,

their junction will; a conglomerate of large angular fragments is

seen, which is succeeded by coarse grits and sandstones of the

tertiary period.

2. Cretaceous Rods.— The section at Nanaimo, further to the

northward, exposes a series of beds containing cretaceous fossils,

underlying the coal-bearing grits. I havo had no opportunity of

examining these deposits; but as far as I can ascertain from

descriptions by Mr. Lord (the naturalist to the expedition), who
collected most of the fossils, they consist of dark argillaceous shales,

full of casts of a small species of ItiocermHiis, and soft hlue mails full

of septarian nodules, containing fossils. These consist chieHy of

Ammonites and BaouHtcsi the latter the most abundant. The



200 PKOCEEDINGS OF THE GEOLOGICAL SOCIETY. [Nov. 2,

CD

O 'o

a f



1859.] XiAUKR-MAX VANCOUVER ISLAND. 20]

surfaces of the shells are beautifully iridescent. In one instance 1

found some fish-scales. The localities of the above fossils are two
cliffs in the valley of the Nanaimo River, about two miles to the

westward of the Hudson's Bay Company's settlement, and are known
as Pemberton's and Stewart's Banks. Another locality for similar

fossils is at Cormuck's or Conioux Island, twenty-one miles to the

N.W. of Nanaimo, where they occur in cement-stone nodules on the

sea-shore. The specimens sent from the latter place were obtained

by Mi*. Dallas, of the Hudson's Bay Company, and Captain Stuart,

of the Company's establishment at Nanaimo. The forms obtained

from these localities are as follows :

—

Fish -scales Nanaimo River.

3. Lignite -bearing Tertiaries of Nanaimo.— These beds im-
mediately succeed the cretaceous rocks ; and they are extensively

developed over a great extent of country, and form the mass of the

islands in the Gulf of Georgia as far south as Saturna Island.

Xorthward they occur at Fort Rupert, the most northerly settle-

ment on Vancouver Island. The sections at Nanaimo exhibit a

series of coarse sandstones, grits, and conglomerates, with sandy
micaceous flagstones, all of which appear to be unfossiliferous. The
sandstones, although intensely hard when freshly exposed, are very

concretionary in character, and weather very irregularly. They
contain in places large spherical masses of slightly ferruginous sand,

twelve to eighteen inches in diameter. Two seams of coal, averaging

six to eight feet each in thickness, occur in these beds, and are

extensively worked for the supply of the steamers navigating between
Victoria and the Frazer River. The coal is a soft black lignite, of

a dull earthy fracture, interspersed with small lenticular bands of

blight crystalline coal, and resembles some of the duller varieties of

coal produced in the South Derbyshire and other central coal-fields in

England. In some places it exhibits the peculiar jointed structure

(causing it to split into long prisms) which is commonly observed in

the brown-coal of Bohemia. A mineral allied to Retinite or Amber
is common in the more earthy portions. For economic purposes
these beds are very valuable. The coal burns very freely, and
yields a light pulverulent ash, giving a very small amount of slag

or clinker; its evaporative \alue is, however, much diminished by
its low specific gravity, and by the large quantity of thick black

smoke driven off on ignition.

Several partings of green shalv clay, full of the remains of plants,

occur in the coal-seams, ehietly impressions of grass-like plants and
large leaves. The shales are full of pyrites, and crumble on exposure

to the air, rendering it extremely ditHeult to preserve the fossils.

The American geologists are accustomed to assign these deposits | ( .

the Miocene period; hut as yet no marine 1'ossiN have heeu found

Nautilus ....

Ammonites .

Baculites ....

Inoceramus .

Astarte ? ....

Terebratula ?
Imperfect casts of interior of shell, Nanaimo River.

Both localities.

Very abundant in both localities.

2sp. Both localities.
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at Nanaimo, so that in this locality there is no sure evidence on

which to base such an opinion.

The stratification of the tertiary rocks is very regular : the strike

of the beds follows the general direction of the coast of Vancouver
Island, from N.W. to S.E. The sections on the western side of the

island show steep cliffs, from 150 to 200 feet high,—the regularity

of the planes of deposition presenting the appearance of walls of

Cyclopean masonry. On the eastern side the beds slope down to

the water with a N. to N.E. dip of 10° to 25°. The total thickness

of the exposed sections is from 1500 to 2000 feet.

At Bellingham Bay, within the American Territory ofWashington,

similar coal-bearing sandstones occur, and have been described by
Mr. Gibbs (Pacific Railway Reports, vol. i. pp. 472, 473). The
eastern extension of these beds, north of the parallel of 49°, I hope

to be enabled to examine during the ensuing season.

4. Pleistocene Deposits.—The Drift and Boulder-clay are ex-

tensively developed over the southern part of Vancouver Island

and the opposite coasts of Washington Territory and British Co-
lumbia. In the neighbourhood of Esquimalt and Victoria the rocks

are deeply scratched and grooved along the shore, and large boul-

ders are scattered irregularly over the surface of the country.

Blocks of a white syenitic granite are the largest and most numerous ;

angular masses, from 60 to 100 tons in weight, are of common
occurrence. The other rocks observed as erratics are a black cherty

conglomerate, similar to that described as underlying the tertiaries
;

dark laminated mica-slate, with well-defined garnet-crystals; horn-

blende-rock and largely crystalline greenstone, and, rarely and in

small masses, vesicular obsidian and pitch-stone.

The following section exhibits the general character of the drift

at Esquimalt Harbour :
—

Black sandy and peaty ground, with broken shells 2 to 6 feet.

Yellowish sandy clay, with casts of shells
(
Cardium 1 „ , Sf ,

and Mya) and a few pebbles and boulders J
ee

"

Gravel of scratched pebbles, resting on rock 2 to 3 feet.

The rocks are grooved and scratched at the junction ; the direc-

tion of the glacial markings is between N.-S. and N.N.W.-S.S.E.
In a well-sinking at Esquimalt Barracks, the lower gravel was
reached at forty-two feet, after going through a sandy blue clay

without shells or boulders. The section in the cliff between Albert

Head and Esquimalt is as follows :

—

Blue drift-clay, with boulders
; junction with rock

\ na f ,

not seen
j- ieet.

Fine sand and gravel, passing upwards into coarse 1 i aa t 1 9n f t
quartzose gravel

J

ee
'

The results of the observations given above show the extension of

the lignite-bearing tertiaries to Vancouver Island, and the existence

of a system of cretaceous deposits underlying them ; but the problem

of determining the relations of the latter rocks to the underlying

strata will probably remain unsolved for a considerable length of time,

owing to the inaccessible nature of the interior of the island.
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feuil. 1-4. 1858-1859.

A. Uyterhoeven.—Obituary notice of M. Galeotti, 15.

Nyst et Dewael.—Le Forage a Ostende, et Notice sur une Cyrene,

24, 27.

Assurance Magazine. Vol. viii. Part 5. No. 37. Oct. 1859.

Athenfeum Journal. Nos. 1669-1679. Nov. and Dec. 1859.

Notices of Scientific Meetings, &c.

F. Hochstetter.—Geology of New Zealand, 532.

E. Forbes and R. Godwin-Austen's 1 The Natural History of the

European Seas,' noticed, 535.

R. Wilson and J. Atkinson.—Fossil casts of Surface-cracks in the

New Red Sandstone of Runcorn, 565, 637.

Dr. Page's 'Handbook of Geological Terms,' noticed, 569.

H. Ogden.—Shaped flints, 606.

C. Darwin ' On the Origin of Species,' noticed, 659.

J. S. Henslow and J. Prestwich.—Flint-celts at Hoxne, 668, 706, 740,

775, 853.

J. G. Francis's ' Beach Rambles,' noticed, 707.

W. Brockie.—Flint Implements in the Drift at South Shields, 815.

. ' Memoirs of the Geological Survey of India,' noticed, 855.

W. Trevelyan.—Works of Art in the Drift, 889.

Auckland Provincial Government Gazette. Vol. viii. No. 14.

F. Hochstetter.—Lecture on the Geology of the Province of Auck-
land, New Zealand, 38.

Australian and New Zealand Gazette. No. 414.

Basle. Verhandlungen der Naturforschenden Gesellschaft in Basel.

Zweiter Theil. 2. und 3. Abtheil. 1859.

P. Merian.—Kreideversteinerungen aus der Umgegend von Palermo,

344.

. Ueber Belemniten, 345.

. Fischbadriicke aus Pfirdt im Sundgau, 345.

. Petrefacten aus den Kossener Schichten der Scesa Plana, 346.

. Saurierwirbel im Oxfordkalk von Cesigna, 347.

A. Muller.—Ueber einige anormale Lagerungsverhaltnisse im Basler

Jura, 348 (plate).

. Beobachtungen an Bergkrystallen und Granaten, 390.

Bengal Asiatic Society Journal. New Ser. No. 98. 1859.

W. Henderson.—On the nature and effects of the flooding of the

Indus on 10th August 1858, as ascertained at Attok, 199.

Bent's Monthly Advertiser. Nos. 667, 668.

Berlin. Zeitschrift der Deutsch. geol. Gesell. Vol. x. Part 4. 1858.

Wedding.—Beitrag zu den Untersuchungen der Vesuvlaven, 375.

Heusser.—Zur Kenntniss des Brasilianischen Kiistengebirges, 412.

Burmeister.—Ueber die Tertiarformation von Parana, 423.

A. Reuss.—Ueber die Foraminiferen von Pietzpuhl, 433.

G. Jensch und H. B. Geinitz.—Melaphyr und Sanadinquarzporphyr

von Zwickau, 439.

G. Sandberger.—Ueber die Spiralen von Ammonites Amaltheiis, A.
Gaytani und Goniatites intumescens, 446.
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Berlin. Zeitschrift der Deutsch. geol. Gesell. Vol. xi. Part 1. 1858.

T. Burkart.—Ueber einem neuen Feuerausbruch im Gebirge von Real
del Monte, Mexico, 24.

. Auffindung des Pbenakits in Mexico, 25.

A. von Strombeck.—Zur Kenntniss des Planers iiber der Westpha-
liscben Steinkohlenformation, 27.

A. Streng.—Ueber die Melaphyre des siidlichen Harzrandes, 78 (plate).

P. Acberson.—Die Salzstellen der Mark Brandenburg, in ibrer Flora
nachgewiesen, 90 (map).

Rammelsberg.—Ueber den Gabbro von der Baste (Radauthal im
Harz), 101.

. Ueber die Natur der gegenwartigen Eruptionen von Strom-

^

boli, 103.

G. von Rath.—Zur Kenntniss der fossilen Fische des Plattenberges
im Canton Glarus, 108 (3 plates).

Canada, Geological Survey of. Figures and Descriptions of Canadian
Organic Remains. Decade 1. 1859. [Mollusca and Receptaculites.]

. . Decade IV. 1859. [Echinodermata.]

Canadian Journal. New Series. Nos. 23, 24. Sept. to Nov. 1859.

D. Wilson.—Early notices of the Beaver in Europe and America, 359.
Hugh Miller's ' Popular Geology,' noticed, 406.
E. P. Hairis's ' Meteorites,' noticed, 411.

J. Leidy and — Holmes.—The extinct American Horse, 414.
J. F. Smith.—Characteristic Fossils of the Hudson River Group of

Toronto, 450.

. ' Geological Survey of Canada,' Decades 1 and 4, noticed, 465.
J. Hall.—New American Trilobites, 491.

E. J. Chapman.— Columnaria alveolata and Stromatocerium rugosum
in Trenton Limestone, 493.

. Silicate of Iron in the Limestone-beds of Lake St. John,
Rama, C. W., 493.

. Mineralogical Notes, 493.

Canadian News. Nos. 89-93. 1859.

Critic. Vol. xix. Nos. 485-487.

Notices of Scientific Meetings, &c.
R. Owen.—Classification of Recent and Fossil Reptilia, 398.
J. G. Francis's ' Beach Rambles,' noticed, 420.

. Vol. xix. Nos. 488-495.

Notices of .Scientific .Meetings, &c.

C. Darwin 4 On the Origin of Species,' noticed, 528.

Dublin. Royal Irish Academy. Proceedings. Vol. vii. Parts 3-8.
1858-59.

J. R. Kinnhan.—On Oldhamiti, 34 (cuts).

W. R. Wilde.—Ancient and Modern Paces of Oxen in Ireland, 64
(cuts).

J. li. Kinahan.—A uniform mode of naming Type-divisions, <K».

. . Transactions. VoL xxiii. Part 2. 1859.

H. L. Benny.—New Barometric l-'onnuhi for Mnuutain-lieiglits, 137.

S. Downing. —Drainage of Haarlem Lake, 449.
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Dublin. Royal Irish Academy. Transactions (continued).

R. T. Forster.—Molecular Formation of Crystals, 489.

J. R. Kinahan.—The genus Oldhamia, 547 (woodcuts).

J. B. Jukes and S. Haughton.—Lower Palaeozoic Rocks of the

South-east of Ireland, 563 (map).

Falmouth. The Twenty-sixth Annual Report of the Royal Cornwall

Polytechnic Society. 1858.

R. Q. Couch.—Mortality of Miners, 1.

W. Vivian.—Native Copper, 46 (plate).

Geological Survey of Great Britain.

J. B. Jukes.—The South Staffordshire Coal-field, 2nd edit. 1859.

II. H. Howell.—The Warwickshire Coal-field and the Permian Rocks
and Trias of the surrounding District ; and

T. H. Huxley on Dasyceps Bucklandi, and Labyrinthodon, 1859.

Geologist. Nos. 23, 24. Nov. and Dec. 1859.

S. J. Mackie.—Common Fossils of the British Rocks, 421.

H. C. Salmon.—Formation of Ore-veins, 427.

Boucher de Perthes's 'Antiquites Celtiques et Ante"diluvienne3
;

'

noticed, 432, 478.

W. Pengelly.—Ossiferous Fissures of Oreston, 445.

E. Wood.—Geology of Wharfedale, 445.

Notes and Queries, 445, 490.

Reviews, 453, 496.

T. Davidson.—Carboniferous Brachiopoda of Scotland, 461 (plate).

Foreign Correspondence, 477.

J. Price and D. T. Ansted.—Slikenside, 482.

W. S. Symonds.—Fishes and Tracks on the Old Red Sandstone and
Passage-beds of Herefordshire, 485.

H. C. Sorby.—Structure of Cone-in-Cone, 485.

Proceedings of Societies, 486.

Heidelberg. Verhandlung des naturhistorisch-medizinischen Vereins.

Part 7. 1859.

Von Holle.—Ueher die Torfmoose der Gegend von Hannover, 241.

Eisenlohre.—Ueber die Erklarung der Farbenzerstreuung und des
Verhaltens des Lichtes in Krystallen, 37.

Horticultural Society of London. Proceedings. Vol. i. Nos. 4 & 5,

7 & 8.

India, Geological Survey of. Memoirs. Vol. ii. Part 1.

H. B. Medlicott.—Vindhyan Rocks and their associates in Bundel-
cund (Geol. Map).

Institution of Civil Engineers. Proceedings. 1859-60. Nos. 1 & 2.

. Catalogue of the Library. 1851.

. Transactions. Vol. ii.

. . Vol. iii.

P. W. Mvlne.—On the supply of Water from Wells in the London
Basin, 229.



DONATIONS. 207

Institution of Civil Engineers. Proceedings. Vol. iii.-xvii. 1844-58.

. . Vol. iv.

J. B. Redman.—Pipe-worm in Timber, 77.

. . Vol. v.

G.Buchanan.—Midlothian Coal-field, 338.

F. Braithwaite.—Deep Wells of the Metropolis, 478.

. . Vol. vi.

J. Glynn.—Canal between the Atlantic and Pacific Oceans, 399
(plate).

. . Vol. vii.

J. T. Harrison.—Motion of Shingle, Sand, &c, 327 (2 plates).

. . Vol. viii.

J. Richardson.—Coal-field and Coal of South Wales, 82.

. . Vol. ix.

J. Paton.—Southend Pier and the Teredo navalis, 23 (plate).

J. A. Lloyd.—Canal between the Atlantic and Pacific Oceans, 58.

J. C. Clutterbuck.—Chalk-water-level under London, 151 (plate).

E. Hopkins.—Geological Section of the Andes, 182.

D. T. Ansted.—Water-contents of Chalk, 3G0.

. . Vol. x.

J. Leslie.—Mode of computing the Quantity of Water in a Stream,
so as to exclude Floods, 327.

EL Cox.—Rotation of the Earth, 320.

. . Vol. xi.

C. May.—Iron-ore near Middlesbro'-on-Tees, 28.

J. B. Redman.—The South Coast of England, 162 (plate).

. . Vol. xii.

. . Vol. xiii.

. . Vol. xiv.

P. W. Barlow.—Water-bearing Strata of the London Basin, 42.

. . Vol. xv.

E. Hopkins.—Vertical Structure of Gold-bearing Rocks, 47 (plate).

. . Vol. xvi.

W. Sowerby.—Iron-Ore at the foot of the Himalayas, 82.

Memoir of the Rev. I>r. Buckland, 102.

. . Vol. xvii.

Lausanne. Bulletin de In Societe Vaudoi.se. Vol. vi. No. 44.

June 1859.

A. Morlot.—Sur le terrain (juartaire du Bassin du Leinan, 101.
('. T. Gaudin.— Dosujre du hinon de l'Arus, 1 lit ».

Venetz.—Sur le <rlaeier diluvieii tie la Vallee du Illume, ll".'.

C. T. Gaudin et H. Falconer.—La faune fossile du Val de 1'Arus, du
Glamorganshire, de Palermo, &c, 130.

C. T. (iaudin.—Cliinat de l't'-jiorjue Molassique en Suisse, l.'M.

. I n fruit de Thuya fossile des Travertins, l.'to.

I'll. He la Harpe.— ( Jenlotrie deSt. Maurice, 1 :'.;».
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Lausanne. Reglements de la Societe Vaudoise. 1859.

Linnean Society of London. List of Fellows. 1859.

. Transactions. Vol. xxii. Pt. 4.

. Journal of the Proceedings. Vol. iv. No. 15.

Literary Gazette. New Series. Vol. iii. Nos. 69-79.

Notices of Scientific Meetings, &c.
J. Anderson's ' The Geological Age of Man,' noticed, 443.

' Dura Den,' noticed, 446.

D. Page's ' Handbook of Geological Terms,' noticed, 448.

. . . No. 72.

Notices of Scientific Meetings, &c.

E. Forbes and It. Godwin-Austen's ' The Natural History of the
European Seas,' noticed, 542.

C. Darwin's ' On the Origin of Species,' noticed, 609, 633.

London, Edinburgh, and Dublin Philosophical Magazine. 4th

Series. Vol. xviii. Nos. 121-123. Nov. and Dec. 1859. From
Dr. W. Francis, F. G.S.

J. H. Pratt.—Thickness of the Earth's Crust, 344.

F. 0. Calvert and R. Johnson.—Specific Gravity of Alloys, 354.

W. Odling.—Ortho- and Meta-silicates, 368.

H. Debray.—Azurite, 397.

G. Stadeler.—Kapnicite and Wavellite, 400.

S. Haughton.—Thickness of the Earth's Crust, 420.

W. S. Symonds.—Passage-beds at Ledbury, 474.

F. Bernal.—Mud-volcanos of Turbaco, 475.

W. Weekes.—Coal at Auckland, New Zealand, 475.

H. Bauernian.—Geology of Vancouver's Island, 475.

It. I. Murchison.—Geology of the North-west Highlands, 476.

P. Beauvallet.—Vanadium in the Clay of Gentilly, 480.

P. Bunsen.—Blowpipe Experiments, 513.

B. C. Brodie.—Atomic weight of Graphite, 539.

Mechanics' Magazine. New Series. Vol. ii. Nos. 43-53.

Notices of Scientific Meetings, &c.

Melbourne. Transactions of the Philosophical Institute of Victoria.

Vol. iii. 1359.

L. Becker.—Rate of the Upheaval of the South Australian Coast, 7.

J. E. Woods.—Tertiary Deposit in South Australia, 85.

Meteorological Society (British). Sixth, Seventh, and Eighth

Reports of the Council. 8vo. London. 1856-59.

Milan. Atti dell' I. R. Istituto Lombardo di Scienze, Lettere ed

Arti. Vol. i. fasc. 6-9, 1858 ; and fasc. 12-14, 1859.

. Memorie dell' I. R. Istituto Lombardo. Vol. vii. fasc. 4.

1858.

Moscow. Bulletin de la Societe Imperiale des Naturalistes de Mos-

cou. 1858. No. 2.

H. Trautschold.—Ueber die Geologie von Spanien, 501 (map).

Le Volcan de l'ile de Chiachkotan, 671.
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Moscow. Bulletin de la Societe Imperiale des Naturalistes de Mos-
cou, 1858. Nos. 3 & 4.

ft. Hermann.—Ueber die Trennung der Tantalsaure von der Siiure

des Niobiums ; uud iiber Pelopsaure, 88.

. Ueber den Graphit aus der Kirgisen-Steppe, 530.

. Einige Wismutherze, 583.

G. Belke.—Esquisse de l'histoire naturelle de Kamienietz-Podolski,
97.

H. Trautschold.—Ueber den Einfluss desBodens auf die Pfianzen
;
329.

. RecheTcb.es geologiques aux environs de Moseou, 546 (2 plates).

H. von Meyer.—Ueber fossile Saurierknochen aus dem Orenburg-
iscben Gouvernement, 561.

. . 1859. No. 1.

G. Belke.—L'histoire naturelle de Kamienietz-Podolski, 24.

P. Hermann.—DieGruppe der Uransilicate gebbrenden Mineralien,

107.

W. Eichler.—Einige Osmiumverbindungen, 152.

H. Trautscbokl.—Em Gedenkblatt furAlexandervon Humboldt, 297.

New Granada. Sociedad de Naturalistas Neo-Granaclinos. Estatutos.

1859.

Palaeontographical Society. Monographs for 1857. 1859.

T. Wright.—A Monograph of the British Fossil Echinodemiata from
the Oolitic Formations. Part 3.

T. Davidson.—Monograph of the British Fossil Brachiopoda. Part

5 : Carboniferous Brachiopoda, 2nd portion.

R. Owen. Monograph of the British Fossil Reptilia: Supplement
( No. 1) to the Monograph on the Fossil Reptilia of the Cretaceous
Formations; Supplement (No. 2) to the Monograph on the Fossil

Reptilia of the Wealden Formations.

G. Busk.—A Monograph on the Fossil Polyzoa of the Crag.

Paris. Comptes llcndus de l'Acad. des Sciences. Vol. xlix. Nos.

2-15. 1859. Deux. Semestre.

Philadelphia, Academy of Natural Sciences of. Journal. New Series.

Vol. iv. Part 2. 1859.

. . Proceedings. 1859. Sheets 1-19.

F. P>. Meek and F. V. Harden.—Geology of Kansas, 8.

J. Leidy.—Tooth of Mastodon from Honduras, and Mosasaurus from
New Jersey, 91, 1 10 ; Synonv my of the American Mosasaurus, 02 ;

Fossil Fi.-lies from Virginia, 110; Sombrero (inano with Hones,

111; Fossil Keer, 111 ; .Mammalian and other Fossils from Caro-

lina, 162 ; Antler of Reindeer in a Peat-bog, 194.

Simmons.— Debitumini/.ation of ( 'oal, It 52.

Lewis.—Dead Shells of t'i/cfas and Unio in a ('anal, 177.

Holmes.— Post-pliocene Fos>ils from South Carolina, 177.

W. M. Gabb.—Catalogue of the Invertebrate Fossils of the Creta-

ceous Formation of the United States, pp. 1-20.

Photographic Society. Journal. Nos. 91 <fc 92.

Pay Society. Report of the Council. 1>59.

Royal Astronomical Society. Monthly Notices. Vol. xviii. 1858.

. . Memoirs. Vol. xxvii. 1859.
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Royal Dublin Society. Journal. No. 15. Oct. 1859.

R. Galloway.—Soils and Plants, 331.

E. Brennan and A. Carte.—Remains of Elephants and other animals

in a cavern at Shandon, Waterford, 345 (5 plates).

S. Haughton.—Carboniferous Nautilus, 357.

Royal Geographical Society. Journal. Vol. xxviii. 1858.

R. I. Murchison.—Anniversary Address, cxxiii.

A. C. Gregory.—North Australia, 1 (map).

R. Moffat.—South Africa, 153, 174 (map).

S. Muller.—New Guinea, 264.

H. Rink.—Greenland and Polar Sea, 272 (map).

W. Lockhart.—Yellow River of China, 288.

J. T. Thomson.—Otago, New Zealand, 298 (map).
J. Power.—State of San Salvador, Central America, 349.

S. Muller.—Geology of the Western portion of Timor, 368.

Peschurof and others.—River Amur, 376 (map).

Royal Institution of Great Britain. List of the Members, <fcc. for

1858. 1859.

Society of Arts. Journal. Vol. vii. Nos. 361-363.

F. Ransome.—Soluble Silicates, 758.

. . Vol. vii. No. 364. Vol. viii. Nos. 365 & 371.

Well-boring, 106.

Statistical Society. Journal. Vol. xxii. Part 4. 1859.

Stockholm. Kongl. Svenska Vet.-Akad. Handlingar. Ny Poljd.

Vol. ii. Part 1 for 1857. 1859.

A. E. Nordenskiold.—Bidrag till Laran om den kristallografiska

Isomorfin och Dimorfin.

. Ofversigt af Kongl. Vet.-Akad. Eorhandlingar, 1858. 1859.

A. E. Nordenskiold.—Berakning af fasta Landets Hojning vid Stock-

holm, 296.

. Berattelse om Framstegen i Insekternas, Myriapodernas och

Arachnidernas Natural-Historia for 1855 och 1856, till Kongl.

Vet.-Akad. afgifven af C. H. Boheman, 1859.

Tasmania, Papers and Proceedings of the Royal Society of. Supple-

ment to Vol. iii. (Meteorological Tables, 1856-8).

Zoological Society of London, Proceedings. 1859. Part 2. March
to June.

W. Baird.—Entomostraca (Recent and Fossil) from Nagpur, 232.

. Transactions. Vol. iv. Part 6. 1859.

H. E. Strickland.—On some Bones of Birds allied to the Dodo, 187

(plate).

W. J. Broderip.—Additional Evidence relative to the Dodo, 183

(plate), 197.
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II. GEOLOGICAL CONTENTS OF PERIODICALS PUR-
CHASED FOR THE LIBRARY.

Annals and Magazine of Natural History. 3rd Series. Vol. iv.

Nos. 23 & 24. Nov. and Dec. 1859.

W. K. Parker and T. R. Jones.—Nomenclature of the Foraminifera,
333.

Leonhard and Bronn's Neues Jahrbuch fur Min. &c. Jahrgang 1S59.
Viertes Heft.

P. Reinsch.—Chemische Untersuchung der Glieder der Lias- und
Jura-Formation in Franken, 385.

Fr. Armbrust.—Einige Bemerkungen iiber Belemnitclla mucronata
xind B. quadrata, d'Orb., 421.

Fr. Wiser.—Mineralogische Notizen, 424.

Letters ; Notices of Books, Mineralogy, Geology, and Fossils.

. . Fiinftes Heft.

C. Deffner und 0. Fraas.—Die Jura-Versenkung bei Langenbriicken.
513 (map and sections).

A. Kop.—Beitrage zur Kenntniss der Steinkohlen-Formation und des
Rotnliegenden im Erzgebirg'schen Bassin, 532 (plate).

Letters ; Notices of Books, Mineralogy, Geology, and Fossils.

Meyer's (H. von) Palaeontographica. Vol. vii. Part 1.

II. von Meyer.

—

Squatina (ffiamiia) speciosa aus dem lithogr.

Schiefer von Eichstiitt, 3 (plate).

. Asteroderrrms platypterus aus dem lithogr. Schiefer von
Kelheim, 9 (plate).

. Archceonectes pertusus aus dem Ober-Devon der Eifel, 12
(plate).

. Fossile Chimaeriden aus dem Portland von Hannover, 14
(plate).

. Perca Alsheimensis und P. Moguntina aus dem Mittel-Rhei-
nischen Tertiiir-Becken, ID (plate).

. Stenopelix Valdensis aus der Wenlden-Formation 1 Putsch-
land's, 25 (2 plates).

. Sclerosaurm armatm aus dem Bunten Sandstein von Rhein-
feldern, 35 (plate).

. Mvh'H ra/f/amausdnii Diluvialon Cliaren-Kalke bei Weimar,
41 (plate).

. Vol. viii. Parts 1 & 2. Oct. 1859.

C. v. Heyden.—Fossile Insekten aus der Rheinischon Braunkohle, 1

(plates).

. Fossile Insekteii aus der nraunkohle von Sieblos, 15 (plate ).

II. v. Mever.

—

Micropmlis papt/racm aus der Iiheinisclien Mraunkohle,
18 (plate).

. En/on llaihlanus aus den Ilaihler Sehichten in Kiirnthen, 27
(plate).

II. A. Ilagen.

—

Pctahira P aeutipeiUW aus der Braunkohle von Sieb-
los, 22 (plate).

R. Ludwig.— Die Najaden der IJheiiiisoh-We-dpliidischeii Stein-

kohlen-Fonnation, .!l {'2 plates).

.Fossile PHanzen aus der iiltesten Abtheiluu^r der IJheinisch-

Wettorauer Tertiiir-Format ion, •'!'.• <!• plates).

VOL. XVI. PART I. Q
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III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Italics.

Anderson, J. Dura Den. A monograph of the Yellow Sandstone

and its remarkable Eossil Remains. 1859.

Archiac, A. d\ Note sur le genre Otostoma. 1859.

. Note sur les Fossiles recueillis par M. Pouech dans le terrain

tertiaire du departement de l'Ariege. 1859.

Billings, E. On the Eossil Corals of the Devonian Rocks of Canada
West. 1859.

Bravard, A. Monografia de los Terrenos Marinos Terciarios de las

Cercanias del Parana. From L. Homer, Esq., F.G.S.

Copland, J. Notice sur le Mine de Cornaline de Barotch, entre

Bombay et Brouda. 1856.

Darwin, C. On the Origin of Species by means of Natural Selection.

1859.

Daubeny, C. Supplement to ' Descriptions of Volcanos.' 1859.

Daivson, J. W. On the Microscopic Structure of some Canadian
Limestones. 1859.

Dorlhac, J. Note sur les depots houillers de Brassac et de Langeac.

(Haute-Loire) 1859.

Espy, J. P. The Fourth Meteorological Report. 4to. "Washington,

1857. From the U. S. Government.

Glaisher, J. On the Determination of the Mean Temperature of

every day in the year, from 1814 to 1816. From the Meteorologi-

cal Society.

—— . On the Meteorological and Physical Erfects of the Solar

Eclipse of March 15, 1858. From the Meteorological Society.

. On the Meteorology of England, South of Scotland, and
Parts of Ireland. June 1853 to June 1859. From the Meteorologi-

cal Society.

. On the Meteorology of Scotland, June 1856 to Dec. 1857.

From the Meteorological Society.

Hayden, F. v. Geological Sketch of the Estuary and Freshwater

Deposit forming the Bad Lands of Judith River. 1859.

Hogg, J. On the History of Iceland and the Icelandic Language
and Literature. 1859.

Kongliga Svenska Fregatten Eugenies Resa omkring Jorden under
Befal af C. A. Virgin aren 1851-53. Zoologi, iii. 1859. From
the Roy. Acad, of Stockholm.
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Lea, I. Observations on the genns Unio. Vol. vii. pt. 1. 1859.

Leidy, J. Extinct Vertebrata from the Judith River and the great

Lignite-formation of Nebraska. 1859.

Lubbock, J. On the Ova and Pseudova of Insects. 1859.

Mackie, 8. J. Original Diagrams for Lectures. 1859.

. Table of the Divisions and Subdivisions of the Animal and
Vegetable Kingdoms. 1859.

Marcou, J. Dyas et Trias ; ou le nouveau Ores Rouge en Europe
dans l'Amerique du Nord et dans l'Inde. 1859.

Massalongo. Syllabus Plantarum Fossilium hucusque in forma

-

tionibus Tertiariis agri Veneti detectarum. 1859.

Morlot, A. Considerations generales sur l'Archeologie. 1859.

Mylius, G. F. Memorabilia Saxonia; Subterranese. 1720. From
Edgar Bark-way, Esq.

Parker; W. K., and T. B. Jones. On the Nomenclature of the

Foraminifera. 1859.

Reeve, L. Elements of Conchology. Pt. 16. 1859.

Sandberger, F. Die Conchylien des Mainzer Tertiarbeckens. Drittes

Heft. 1859.

Scharff, F. Ueber den Quarz. 1859.

Stiess, E. Ueber die Wohnsitze der Brachiopoden. 1859.

Tyndall, J. On the PhjTsical Phenomena of Glaciers. Part I.

:

Observations on the Mer de Glace. 1859.

Verneuil, E. de, et Collomb. Ge'ologie du Sud-cst dc TEspagne.

1857.

Volkmann, G. A. Silesia Subterranea. 1720. From E. Bat-knag,

Esq.

Wood, E. Notes of a Geological Tour in Wharfedale. 1859.

19 Nautical Memoirs, &c. 1858, 1859. Presented by the Depot de

la Marine.
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ascertain still more completely if my general views respecting the

older rocks were correct, before I issued a small general geological

sketch-map of that region *, I now redeem my promise by offering the

following supplemental observations.

As the classification- which I had proposed involved very consi-

derable changes in all preconceived ideas relating to the age of

many of the so-called primary crystalline rocks of the Highlands, I

naturally felt a strong desire that the Local Director of the Geo-
logical Survey of Great Britain, who was as much interested as

myself in adopting a correct view of the true order of nature, should

accompany me.

The observations, therefore, which I now offer, flow from the joint

examination of the country by Professor Eamsay and myself,

—

certain special improvements of the map of Sutherland, and the more
correct delineation of outlines of formations, being due to my fellow-

labourer, who spared no labour in ascending the highest summits
to determine the real relations of the rock-masses.

The whole of this subject having undergone discussion at the late

meeting of the British Association, at Aberdeen, subsequently to my
last survey, and Professor Nicol having there expressed his dissent

from that essential part of the classification whereby I separate the

old or fundamental gneiss of the west coast from other flaglike

gneissose and micaceous rocks on the east, it has been a source of

satisfaction to me that Professor Harkness, who has since visited the

west of Sutherland to examine all the critical sections, has arrived'

at precisely the same conclusions as Prof. Bamsay and myself, as

will appear in the sequel.

Fundamental Gneiss.—In addition to the broad distinction formerly

pointed out between this massive and intensely crystallized old rock

and all the superior and younger rocks of gneissose character,

marked attention must be paid to the great discordance in the strike

or direction of these two rocks.

The dominant strike of the fundamental gneiss of the north-west

coast is from N.N.W. to S.S.E., whilst that of the quartz-rocks,

limestone, and superior strata, whether micaceous or gneissic, is from

N.N.E. to S.S.W., as explained in this diagram (fig. 1). Again, look-

Fig. 1.

—

Diagram-plan showing the general re-

lations of the Old or Fundamental Gneiss (a)

to the crystalline Lower /Silurian rocks (c and

d) where the intervening Cambrian rocks (b)

are absent.

a. Old gneiss.

c, d. Quartz-rocks, limestones, mica-schists, and gneiss-

ose flagstones.

* This map (PI. 12. of vol. xv.) was published with No. 02 of this Journal.
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ing at the prevalent inclination of this older gneiss, we find that it

is usually to the west, whilst the overlying rocks in question, extend -

ing over enormous areas, dip everywhere to the east (fig. 2). Pass-

ing over the red and chocolate-coloured Cambrian sandstone (6), we
find that the first succeeding quartz-rocks and limestone (c), as well

as the next overlying micaceous schists and gneissose strata (d),

have a prevalent N.N.E. and S.S.W. strike (deviating, it is true,

to the N. and S., but never assuming the direction of the old or

fundamental gneiss), and with a determined prevalent dip to the east.

Looking to this fact, and to the clear order of superposition (as

expressed in the general section, fig. 2), and to a decided mineral

distinction between the true bottom-rock (a) and all the strata which
overlie them to the east, the hypothetical suggestion thrown out by
Prof. Nicol at the meeting of the British Association at Aberdeen,

that the eastern or gneissose and micaceous rock may be simply the

older gneiss exposed by denudations or brought up by faults, cannot,

in my opinion, be entertained. This point will presently be illus-

trated by fresh sections, when, having treated of the fossiliferous

Lower Silurian (c), we come to those crystalline mica-schists and
quasi-gneissose strata (d) which repose upon them.

In the mean time I may state that, after carefully examining the

fundamental gneiss from Loch Inver to Durness, and then imme-
diately contrasting it with the upper micaceous and gneissose strata,

Prof. Ramsay and myself were quite as much struck with the great

lithologieal dissimilarity of structure and the different direction

of the two sets of rocks, as we are prepared to prove, by distinct

natural evidences in the field, that they are widely separated from
each other by an unquestionable order of superposition, and can never

be merged under the same colour and represented by the same letter,

as they have been in all previous geological maps of Scotland. Let

any geologist traverse, for example, the Kyles of Strom, on the west

coast of Sutherland, and there examine all the highly crystalline,

ponderous, grey gneiss, extending to Scourie and Loch Stack, or

view the grand development of the same rock, with huge granitic

intrusions, on the shores of Loch Laxford, where it forms the base

of the Fionavin range of quartz-rock, and its extension into Ben
Spionnach, and then contrast that subjacent rock with the mica-

ceous flaggy strata lying to the east of Assynt, Loch More, and Loch
Eriboll, and he will, I doubt not, arrive at the conclusion maintained

in my previous memoirs.

Cambrian Rocks of the North-west Coast.—I have no modification

to make in what has been already stated respecting these rocks, but

would merely enlarge upon certain details respecting them. Thus,

in referring to the pictorial frontispiece at the head of the last

edition of ' Siluria,' the reader must understand that the chocolate-

coloured horizontal sandstone extends over a larger area under the

peak of Queenaig than is there represented.

In regard to the base of the Cambrian or Longmynd sandstone, as

resting on the fundamental gneiss, it is well also to point the special

attention of travelling geologists to the junctions near the Gwalin
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Inn, or between Rhiconich and Durness. There, these bottom-beds,

in the form of pebbly red conglomerate, quite identical with that on
the summit of Cape Wrath*, are well exposed in nearly horizontal

beds on the banks of the rivulet which descends from the high

plateau two miles south of the Gwalin, and again to the north of

that inn on the sides of the high road. Here, as at Cape Wrath and
elsewhere, all the pebbles consist of the fundamental gneiss or of

the associated red granite.

In their simple uniform composition, these very ancient sandstones

and red conglomerates differ essentially from the much younger
Old Red Sandstone which is exposed on the East Coast, where the

pebbles and ingredients change, as before shown, with those older

rocks respectively on which they repose, and out of the materials of

which they are composed.

These Cambrian rocks, which are so nobly exposed in mountain -

masses along the West Coast, are confined (the reader will recollect)

to that Western meridian, and nowhere advance more than a few
miles eastward into the interior of the mainland

;
but, as they occur

as coarse conglomerates on the eastern shoi'e of the Island of Lewis
(where they also rest on a vast breadth of the fundamental gneiss),

they must certainly at one period have been much more extensively

distributed. The district, on the mainland, where these Cambrian
strata can be most easily studied is in the mountain of Queenaig in

Assynt, particularly along the fine escarpment between its siunmit

and the Kyle of Strom, where they repose in striking unconforma-
bility upon the old gneiss, and are covered, also unconforrnably, by
the quartz-rocks of Lower Silurian age.

The phenomenon relating to these Cambrian sandstones which
may well strike the geologist as he passes over the summits of

Suilven and Queenaig, is that these very ancient rocks, on which
unquestionably the Lower Silurian rocks repose, should be simply

sandstones and grits which have undergone much less change than

the sandstonewhich lies upon them,—the latter having been metamor-
phosed into quartz-rock. However difficult it may be to account for

this fact, it is at all events most instructive as mjttrth tin or'njin and
succession of life in the crust of the earth, and sustains my view of a

beginning. Fur here (and I have applied the same argument before

to the Cambrian sandstones of the Longmynd, which certainly un-

derlie the quartz-rock of the Stipcr Stonesf) the older of the two rocks

in Scotland has offered no trace of fossils, whilst the inmv crystallized

structure above exhibits unmistakeable signs of former living things.

Silurian Quartz- rocks aw/ Limrstoms.—The excursion of last

summer reassured me that I had not erred in stating that the great

band of limestone of Assynt. Durness, Arc, was fairly intercalated in

quartz-rock, both inferior and superior; that, besides the chief band,

there was another and superior limestone overlying the upper qunrtz-

rock ; and further, that all these were conformably superposed by

* Sec former description of these pebble-hods. Quart. Journ. Ocol. Nor.

vol. xv. p. 3<>2.

f Roe ' Silurian System.' p *_'>!. and • Siluria," 2nd edit, p,
.'!'.»
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naglike micaceous rocks, which in parts have the same constituent

particles as gneiss.

Let us first consider a few additional data, explanatory of this

•view, as derived from the last examination of the tracts of Assynt,

Durness, Eriboll, &c.

Assynt.—New sections are now offered, to show how completely

the chief limestones lie between lower and upper quartz-rocks.

Another section is added to demonstrate how all this quartzose

series is followed by a second or superior limestone, which, in its

turn, is overlain by micaceous and gneissose schists, &c. The first

of these (fig. 3, p. 217) may be seen by any one who walks from

near the post-office of Assynt, on the west, across the ridges of lime-

stone, to the hills on the east-by-north.

The lower quartz-rock, which slopes down from the edges of the

Cambrian rock of the Canisp, presents its uppermost band only on

the side of the Loch, and is followed by the passage-beds with

Fucoids and Annelides formerly described. To these succeed light-

grey limestones, of concretionary structure, which, on approaching

an intercalated band of syenitic greenstone, become dark-coloured

and fetid under the hammer. This syenitic greenstone, which is

best exposed at a turn of the road about a mile west of Inchnaclampff,

is from 40 to 50 feet thick, and as regularly bedded as the limestone

below and above it, though, on examination, it is seen to be a true

igneous rock, containing crystals of hornblende, with felspar and

quartz. In other parts it weathers into a softer mass, and might

there be taken for a volcanic ash.

The limestone above this igneous rock is, indeed, more altered

than that which lies beneath it, and is in parts a crystalline marble,

which, many years ago, a speculator began to work for ornamental

purposes. These limestones and marbles, with their associated

igneous rocks, can be traced at intervals from 1| mile to the west of

Inchnadampff, along the escarpment of Stromchrubie, to near El-

phin, altogether a distance of about eight miles.

Ascending from these dark limestones and marbles, dipping from
25° to 30° to the east and east-by-north, you pass over successive

ledges of partially brecciated and scaly-fractured, lighter- coloured

layers, and next over a succession of lighter-coloured limestone,

containing, however, one dark band. On rising towards the hill of

Cnoc-an-drein, a steep scarp presents a most systematic ascend-

ing section, the strata in which, rising gradually in inclination

to about 40°, pass up into, and are conformably surmounted by,

the upper quartz-rock. But, whether the inclination rises to 40° or

diminishes to 25°, as at the east end of the ridge above the Manse
of Ichnadampff, the limestone is everywhere symmetrically overlain

by the upper quartz-rock. This upper quartz differs from the lower

only in being less grey and white, and in having more of a pinkish

colour ; but it resembles the older rock in containing Annelide-tubes,

which often traverse several layers of the rock*. The accompanying

* See woodcut, Quart. Journ. Geol. Soc. vol. xv. p. 368.
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section, fig. 4, drawn and sent to me by Prof. Harkness, confirms

distinctly my view of the limestone being merely a subordinate part

Fig. 4.

—

Section South-tvest of Cnoc-an-drein. Imhnccdarrvpff.

W.S.W. E.N.E.

1. Lower Limestone, cherty. 4. Tliin limestone.

2. Thick-bedded white quartz-rock. 5. Tliick-bedded quartz-rock.

3. Purple quartz-rock, with Serpulites.

of the quartz-rock series. He has detected one thin course of

limestone at the spot indicated, above the Manse of Inchnadainpff.

By walking along the summit of Cnoc-an-drein, and about 150
feet above the limestone, I observed in one spot a small portion of

apparently intrusive felspar-rock ; but it bad no persistence right or

left, and did not affect the dip of the strata, any more than the

syenitic greenstone in the heart of the limestone. Continuing this

section, however, the upper quartz-rock is soon seen to be affected

by a down-cast fault on the east
;
though the strata, rising with a

reversed inclination, are seen, as in fig. 3, to be the same as those

to the west of the fault, as they also exhibit a pink tint*, and contain

similar Annelide-tubesf. Thence the upper quartz, which is a con-

tinuation of the chief mass of the adjacent lofty mountains, including

Ben More "of Assynt, undulates for great distances to the east-by-north,

and finally in Kinloch-Ailsh dips under another limestone covered by
mica-schists and gneissose strata, of which hereafter.

I have first dwelt on the parts of this section near Inchna-
dampff to show, first, that igneous rocks included in the heart of the

limestone and overlying quartz-rock do not operate as lines of se-

paration ; and secondly, that the first notable fault which can be

detected is not between the limestone and the overlying strata, but
is actually within the upper quartz itself +. It will presently bo

shown that such faults are veiy numerous, and are quite irrespect-

ive of the ago of the deposits. Several of these were laid down,

* This distinction of colour is purely local ; for the upper quartz also

weathers white over large areas.

t Since the memoir was read, more extended and more perfect evidences of

the existence of these large Sea-worms or Anneliiles have been found in the hard
quartz-rocks of the loftv mountain of Kionavin (porous quartz-rock), bv the sons

of Mr. Clark of Eriboll. Tin•so burrows, many indies deep, and as large as a

man's finger, resemble closely those made bv the great lob- or lug-worm of the

fishermen (Amiicu/n iiivu/nrit

m

), and, by the arrangement of the once saudy

material, n fiord evidence of the upward and downward movements of the ancient

worm. They are for the most part in pairs, like those Annclidcs so well de-

scribed by Mr. Uinney from the paving-flags near Manchester.

\ See Professor Nicol's statement, that a great fault occurs between the lime-

stone and the upper quartz: and his diagram, bringing up the older quartz on
the dip-side of the limestone (Quart. Journ. Geol. Soc. vol. xiii. p. '_'•> I.
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after laborious walks, by Professor Kamsay on the Duke of Suther-

land's map, which I submit to the inspection of the Society ; but I

would here observe that no attempt can be made to insert all these

faults with accuracy until accurate Ordnance Survey Maps of the

region shall have been completed.

As bearing on the resemblance of these quartzose and calcareous

rocks to their equivalents in America, I may mention that a recent

comparison of several of the American so-called fucoids has enabled

Mr. Salter satisfactorily to refer them in many cases to the vertical

tubes, or, rather, filled-up burrows of large marine worms. He par-

ticularly cites the Phytopsis tubulosus of the " Caleiferous Sand-rock"
of the American geologists ; the celebrated " Birds' Eyes " {Phytopsis

eellulosus) of the " Birds'-eye Limestone," and the Buthotrepkis

succulens of the Trenton group, as being of this nature. The part

played by Ami elides in the older palaeozoic epoch -was, we thus know,
very conspicuous.

Let us now pass to the other parts of the section, fig. 3, which shows
the principal or lower limestone resting upon the lower quartz-

rock, and succeeded by the vast overlying masses of upper quartz-

rock, constituting the lofty range of Ben More in Assynt, the summit
of which rises to 3235 feet above the sea.

Section of Ben More of Assynt.—Viewed on the great scale,

as just described, the limestone which lies to the west of the

church and village of Assynt occupies a thickness of about 700 or

800 feet, whence it spreads out to the east and south over the

extensive upland plateau above Stromchrubie, where, however, many
quartzose strata prevail in it. As soon as the explorer has passed

the small inland lake (Maoloch-corry), well known to sportsmen by
containing the " Gillaroo trout," this limestone, so thick and broadly

expanded on Loch Assynt, has already diminished to a thin band, of

less pure character, which, as you climb to the Bealloeh, or pass

under Ben More, is seen to dip beneath the stupendous mass of

upper quartz-rock which constitutes the Coniveall, or culminating

point of the range. Nowhere is the contrast between the lower and
upper quartz-rock more strongly marked

;
for, whilst the former is

well exposed as a grey rock (c
1

,
fig. 2), which weathers white, on the

northern flanks of Canisp, where it descends from that mountain to

dip under the limestone of Stromchrubie, the upper quartz is pre-

sented in the form of a lofty escarpment, the beds of which in their

outcrop distinctly overlie the limestone. Here again the pinkish or

roseate colour of the overlying mass is strikingly contrasted with the

lower quartz, immense quantities of the higher rock having fallen

clown upon the edge of the calcareous zone. Whilst I ascended to this

pass, where the order is so clearly recognized, Prof. Ramsay com-
pleted the proofs by climbing to the summit of the chain, all of

which he still found, at a height of 3235 feet, to be composed of

quartz-rock, in parts pebbly*. "Wrapping round the sinuosities of

the older rocks, these great masses of upper quartz-rock, whether

* These upper pebbly beds are locally called " Button-stones."
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dipping slightly to the north of east, as in Ben More of Assynt and
adjacent mountains, or E. and E.S.E. in a more southerly district,

are invariably surmounted by younger micaceous and gneissose

strata. In my communication of last year I stated that the quartz-

rocks were also overlain by a second zone of limestone in the country

to the east of Assynt ; and the fact has this year been corroborated

by Professors Ramsay and Harkness. "With the addition of some
material data, I am now enabled to reaffirm, not only that this

second limestone is superior to all the quartzo-calcareous strata, but

is, as I showed, conformably surmounted by those upper micaceous,

chloritic, gneissose, flaggy strata, the overlying position of which is

thus completely established. Professor Ramsay* not merely ob-
served this upper limestone where I had previously noticed it, but
rendered the case conclusive by tracing the rock from Cnoc-chaorie,

on the high road to Loch Ailsh, to the north, until he saw it follow-

ing the sinuous outline of the subjacent quartz-rocks. In this form

it is always seen dipping away conformably to the east or south and
north of east, according to the folds of the inferior strata which rise

into the lofty mountains of Bon More f. From Kinloch-Ailsh this upper
limestone sweeps round to the cast and north of the mountain of

Ben More, and extends up the valley of the Cashly to the east side

of the .Stack of Glencoul. Lithologically this limestone differs from
that of Assynt in being of a lighter colour and having somewhat of

a magnesian character ; and though no fossils have as yet been
found in it, I do not despair that such may still be detected.

The position of this upper limestone is further important, in

showing that, whilst it is conformable for many miles to the sub-

jacent quartz-rock, it is overlain in like conformity by those dark-

coloured micaceous and chloritic schists and flagstones to which I

called attention last year as dipping to the E.S.E. upon the banks of

the River Oykel. These strata, becoming more gneissose in parts,

and particularly in their higher members towards Oykel Bridge, are

those w hich Prof. Nicol does not yet admit to be younger than the

quartzo-calcareous series. Strengthened, however, in my opinion by
the examination of Prof. Ramsay, and also by Prof, llarkness's +

subsequent examination, I again assert that in this line of section,

Fig. 5.

—

Section East of Alt Ettag,

N.W. S.E. I. Quartz-rock. o. Gneissose quartz-

2. Limestone. rock.

llonistone- ('». Quartz-rock,

porphyry. 7- (riieissose linie-

4. Limestone, stone,

ft. I'pper flaguy unci.-**. Dip. l."> S.E

* Being unwell on tin's occasion, I h-gijed Prof. Riunsny to make this exami-
nation by himself; and as Prof. Harkness has since arrived at a similar conclusion,

my former inferences are thus supported by two inde]>cndent observers.

t See the cast end of lig. •".

| Prof. Harkness minutely descrilx-s the junction of the upper quartz-rock

and limestone with the so-called "superior gneiss;" and I thank him fof tin-

pains he has taken to demonstrate the true order of the roek- to I he cast of All

Kllag (as shown in lie f>) :
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and for several miles across the strata, as in other localities to

which I shall afterwards call attention, the order of succession is

complete and unbroken, whether there be or be not any rock of

igneous origin between the upper limestone and the dark micaceous

schists and gneissose flags. Yet these last are coloured in all maps
as if they were of the same age as the fundamental gneiss, though

they are separated from that rock by enormously thick deposits of

Silurian and Cambrian age, and have a strike entirely discordant to

that of the older gneiss. (See the sketch-map PI. XII. in Vol. xv.)

My present aim therefore is, in the first instance, to select, within

the tract forming the north-western portion of Sutherland, those

districts where in breadths of a few miles (across the strike) the

sedimentary strata representing the Lower Silurian quartz-rocks and
limestones are seen to pass up into, and to be conformably succeeded

by, other overlying crystalline rocks, often highly micaceous, some-

times quartzose, and occasionally gneissose, without any general

break, albeit bands of igneous rock occasionally occur near the lines

of junction, as they do indeed at intervals throughout the whole of

the ascending series.

The greater masses of the igneous rocks which either break

through the deposits or are associated with certain strata at different

and very various horizons will be spoken of hereafter.

Transverse Section from the west end of Loch Stack and the moun-
tains of Ben Stack and Ben Strome, to the east end, or head, of Loch

More.—Having described a general section in Assynt from the fun-

damental gneiss, through Cambrian and Lower Silurian rocks, to

overlying gneissose and micaceous flagstones, I now call attention to

natural sections, where, the Cambrian rocks being absent, the lower

gneiss is at once unconformably surmounted by Lower Silurian rocks

similar to those of Assynt, which, from the lower quartz-rock up-

wards through limestones to the overlying quartzose, micaceous, and
gneissic flagstones, also form a complete and continuous series.

1. Quartz-rock ; a portion of that which extends far to the west. 2. Lime-
stone. 3. A band of felspar-rock, which in parts has the character of horn-
stone-porphyry. 4. Hard dark-grey limestone, similar to that below the igneous

rock. 5. Quartz-rock, with gneissic laminae, particularly near its base. 6. Thin
course of limestone, 6 inches only, splitting into gneissic lamina?. 7. The base

of the chief mass of overlying " gneiss," which occupies so large a surface on the

banks of the Oykel.

In describing this section, which so clearly proves the transition from the

underlying quartz-rock and limestone into the so-called gneiss, Prof. Harkness
well observes that the thin band of intercalated porphyry in no way disturbs the

parallel arrangement of the sedimentary rocks. It has either, he says, insinuated

itself between the layer of limestone, or has been ejected anteriorly to the depo-

sition of the upper limestone. "From the lower portion of the quartz-rock,"

he adds, " to the uppermost gneiss (both inclusive), there is a uniform south-

easterly dip of about 45°
; and the whole are seen distinctly passing under the

flaggy gneiss. The same mode of association can be traced to Loch Ailsh and
the Eiver Cashly, for a distance of many miles, and is well seen at both ends of

the Loch, where the limestones and their accompanying strata present themselves

in well-developed masses."
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The lower or fundamental gneiss, near the coast of Scourie and
Loch Laxford, occupies low hills, which have been much worn down
by glacial action and drift. These, as they range eastwards up to

the summit of the mountain called Ben Stack, constitute the base or

support of the overlying white quartz-rocks of Arkle and Fionaven.
Nowhere in the North-west Highlands are grander geological

features seen than where these quartz-rocks, weathering white in

the escarpments of Arkle and Fionaven, repose upon the massive old

grey gneiss, with its numerous intrusions of red granite. Passing
to the cast from either of theso mountains, the observer meets first

with a limestone covering the lower quartz-rock, and next with
superimposed masses of quartzose, micaceous, flag-like strata. I

specially call attention to a section from Ben Stack, at the lower
end of Loch Stack, to the head of Loch More, because no traveller

will have any difficulty in examining it, since the high road from
Scourie to Lairg runs parallel to it. (Sec fig. 6, p. 226.)
The old or massive gneiss, trending from S.S.E. to N.N.W., is well

exposed on the sides of the high road on the south bank of Loch
Stach, where, dipping 35° west of south, it has been much cut into,

and where huge granitic intrusions are finely displayed. He who
climbs to the summits of Ben Stack will see that this old gneiss is

covered by a thin pebbly conglomerate, which dips at a low angle to

the S.E. and there forms the base of the lowest of the Silurian

quartz-rocks. The latter rock, though much denuded, and not
nearly so well exposed as in Arkle and Fionaven, occupies consider-

able dimensions in the hills north of the upper end of Loch Stack

( Ben Strome), whence it slopes down to the western end of Loch
More with an easterly dip. A little to the cast of a shooting-lodge

on Loch More, the limestone succeeds, as expressed in this section,

fig. (!. Here, as at the head of (Jlencoul, and all the tract extend-
ing to the S.W. between Loch More and Assynt, and again to the
N.E. between Loch More and Loch Eriboll, the limestone is dimi-
nished to a thin course. In this respect the limestone bears tho
same irregular proportions to the quartzose rock in which it is inter-

calated as the Lower Silurian limestones of Wales do to their asso-

ciated slaty and siliceous rocks. In Wales, as in Sutherland, the
calcareous matter is every here and there of considerable dimensions,
and at other places it dwindles away to mere threads, and is often

entirely lost.

In examining the limestone upon the steep banks of a mountain-
torrent which flows into the south side of Loch More, Prof. Ramsay
and myself observed, it is true, an intercalated igneous rock ; but, as

we also saw that the calcareous band was followed conformably, as

in Assynt, by an overlying quartzose rock, we remained of opinion

that here, as elsewhere, the occurrence of a felspathic or porphyritic

rock, whether above or below the limestone, did not interfere with
the general order of succession*.

* I'rof. Nicol states 1li.it this igneous rock acquires larger dimensions higher
up in the mountain; and 1 do not doubt the fact, though neither I'rof. Kuinsnv



226 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Nov. 16,



1859.] 1MUBCHIS0N NORTH HIGHLANDS. 227

Now the overlying quartzose rock of Loch More passes gradually

upwards into a micaceous flagstone, which extends to the head

of the loch at Kinloch. This micaceo-quartzose flagstone (the

wide-spread "gneiss" of the maps), which, when fractured, is

of grey colour and very finely laminated, is essentially different in

structure, strike, and dip—in short, in every respect—from the old

or fundamental gneiss of Loch Stack, distant only five miles,—the

latter, as before said, dipping to the W.S.W., whilst these micaceous

flagstones overlying the limestone dip east. When, therefore, we
see in this very limited distance, that, besides the manifest litho-

logical distinction between the massive lower and highly crystalline

granitic gneiss and the superior flagstones, these two rocks have
utterly discordant strikes and dips, and that the Silurian quartz-rocks

and limestone arc regularly interposed between them (the uppermost
flaggy strata following conformably the quartz-rock and limestone),

the conclusion is irresistible.

Whilst such is clearly the general ascending succession, it is at the

same time to be stated that the stratified rocks of this tract, bike

those of most other Highland districts, have been subjected to many
fractures and faults. Thus, Loch More and Loch Stack are sheets of

water that occupy the line of great faults transversal to the strike.

This phenomenon is clearly marked by the place occupied by the

limestone on the opposite banks of Loch More. On the north bank,
where in 1858 I traced the limestone through the moss and moor,
the rock is slightly inclined only ; but on the south bank, as in the

section, fig. 6, it is very highly inclined. But these transverse dis-

locations serve only still more to support the conclusions arrived at,

since, notwithstanding their occurrence, the same order of succession

is seen on both sides of this broad loch which traverses all the suc-

ceeding strata which lie upon the fundamental gneiss.

Additional observations on the tract of Durness.—This tract of

Lower Silurian limestone (c), so celebrated for its fossil contents, lias

been subjected to so many dislocations, that in one line of traverse

only, or that in which my former section* passed, can it be viewed
as unbroken. Though the lower quartz-rock, which dips away
from the Cambrian rock of Scrishven, and occupies the western
side only of the Kyles of Durness, absolutely plunges under the
limestone, and is again brought up by a reversed dip against the
older gneiss of Ben Keannabin, no other transverse section thus re-

presents a trough. On the contrary, the limestone is thrown abrupt ly

into contact with the old gneiss of Ben Keannabin and Ben Spionnach
on the north-east, and constitutes a narrow wedge-shaped mass
between that great fault and an equally largo one, which truncates

it against the old gneiss on the west side of the upper end of the

Kyle of Durness.

nor myself attach importance to it. I shall afterwards show that in other places

the protrusion of vast masses of such igneous rock dins not break up or interfere

with the continuous superposition of the sedimentary strata.

* Quart Journ. Geol. iioc. voL xv. p. IH'A.
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Nor is the ascending order above the limestone to be seen in the

parish of Durness without the intervention of a great fault. For,

though the former section (fig. 6, p. 371, vol. xv.) is correct in

showing that the llaglike rocks constituting the cliffs on which the

Old Bishop's Castle is placed are superior to the limestone, I did

not then show that the valley which separates the two rocks was
the line of a great dislocation. In truth, I had not sufficiently

examined, as I have now done, the rock of the bold northern pro-

montory of the Farrid or Far-out Head.

That promontory was erroneously referred to the old gneiss in

my former memoir, on conclusions drawn from a hasty visit of my
friend Mr. Peach, who brought to me specimens from one part of

the headland which had a gneissose aspect. Detailed examination,

in company with Prof. Ramsay, has, however, convinced me that

the whole of this headland, from its northern extremity to the

Bishop's Castle, a distance of several miles, is composed of the over-

lying flaggy quartzo-micaceous series. Owing to the great fault

which trends along the Bay of Balnakeale, the quartzose beds, which
in other places unite the limestones with the overlying series, are

not visible,—the lowest strata apparent on the sands of Balnakeale

being hard, dark-grey, flaggy, micaceous sandstones, in parts having

a flat-bedded and somewhat gneissic aspect. These graduate up-
wards into beds which are less micaceous, and become in parts

white and siliceous, with a slight greenish tinge. The whole of

these beds dip to the east at angles from 15° to 20°. From their

utility, the white flagstones have been quarried to some extent, and
here and there exhibit very broad masses, one of which, called

" the good wife's flag," projects seawards for several yards from the

lofty summit of one of the headlands. These flagstones closely re-

semble those of Melniss on the west side of Loch Tongue, to which
I last year called attention ; and I now repeat that no geologist who
ever looked at them could connect them with the old or funda-

mental gneiss of the West Coast.

Their relative position at Melniss, where they overlie a vast mass
of the micaceous quartzose rocks, as well as the quartzose rocks and
limestone of Eriboll, was dwelt upon last year.

The geologist who wishes to convince himself of the manifest

distinction between these upper flaggy rocks and that fundamental

gneiss which is seen on the west side of the Kyle of Durness, or

that which extends from the hill of Keannabin on the east to the

headland of Bispond, will at once see the distinction by passing

from thence to the promontory of the Farrid Head, and specially by
examining its eastern cliffs.

Although this broad distinction is obvious, it is no easy matter to

define with accuracy all the dislocations within the limited Durness

basin until the country be well mapped. My note-books contain

many details showing the curvatures, metamorphism, and breaks in

the strata ; and in no part of the district are these phenomena
more striking than in the Hmited tract of Sangoe Bay and its

northern and southern extremities below Durine Inn. There hard
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metamorphosed rocks are thrust about in dire confusion, connected

apparently with the great fault of Balnakealo Bay and associated

with serpentine. Prof. Harkness thought that he could here also

trace north and south faults.

Now, whether or not the arrangement of the strata be found to bo

more or less in accordance with his view, my object is gained by
simply showing that, occupying a highly broken trough, the Durness
limestone is really proved to rest upon the lower quartz-rock, and
to be flanked, and indeed overlain, by the upper series of quartzose

and gneissosc rocks. The clear order of succession is, however, so

admirably seen on the shores of Loch Eriboll, that we may now
review the natural sections which are there exhibited.

Section across Loch Eriboll to the adjacent country on the East.-—
Having been enabled, through the hospitality of my friend Mr. Alex.

Clark, of Eriboll House, to re-examine in detail the transverse sec-

tion across the escarpment where Prof. Sedgwick and myself observed

(1827) the clear superposition of the micaceous flagstones, chlo-

ritic schists, and younger gneissic strata to the limestones of Loch
Eriboll, I have now the satisfaction of being able to produce some
important additional details, and to confirm the accuracy of my
general conclusions by the testimony of my companion Prof. Ram-
say, and also of Prof. Harkness, who has since visited these spots.

In order, however, to convey to the reader a clear view of the

whole subject, I will call his attention, as in Assynt and at Loch
More, to the ascending order, as exhibited in a transverse section of

about ten miles in length (see fig. 7, p. 226).

The fundamental or massive gneiss, which occupies the escaipment

of Ben Spionnaeh, and is well exhibited on the sides of a little loch,

and in the sides of the torrent (Alt-ach-na-cailk) running down
t<> the Bridge of Grudie, is unconformably surmounted on its summit
by the bottom-beds of the lower quartz-rock, which, though not so

coarse as on the summit of Ben Stack, are still pebbly grits, the finer

beds of which might serve as millstones. These, covered by a con-

siderable thickness of fine-grained quartz-rock, dip away to the E.

and E.S.E. into Loch Eriboll, the western bank of which is almost

entirely composed of them. The overlying limestone is seen in tho

Island of Chorine, reappearing in force on the mainland at and above

the house of Mr. Clark, in ascending from which, to the summits of

the hills on the east, the clear order of superposition is exhibited

which is given in the preceding section (fig. 7), and which may be seen

over a breadth of two or three miles, particularly in the escarpments

and on the summits which lie to the north of tin- road ascending

from Eriboll House to Altnaharrow.

In comparing this section with that in Quart. Journ. (ieol. Soc.

vol. xv. p. 'AH',t, of tin 1 same tract, it will bo observed that, whilst

the general succession is identical, some important details are now
added.

Thus, the limestone which rises from the loch, and (onus a suc-

cession of terraces, is separated from an upper limestone of much
less thickness hy a zone ol i|iiart/-rock, about ">()<» feet in thickness,
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which afforded the Orthoceratite presented to me by Mr. Clark and

now laid before the Society.

Mr. Salter says that this large Cephalopod resembles the Orthoceras

( Oameroceras) Brongniartii * ; and he thus describes the specimen

:

" This fragment (from the upper quartz-rock of Eriboll, collected

by Mr. Clark), imperfect as it is, shows enough to distinguish it

specifically from the large-tubed Orthoceras duplex of the Scandina-

vian rocks, inasmuch as the ridges on the great lateral siphuncle

(lines of junction with the septa) are closer and less oblique. The
septa themselves are very convex.

" The comparison with American species cannot well be made, for

want of more complete drawings of the latter. But the Irish fossil

identified by Portlock with an American species (0. Brongniartii,

Troost ?) seems to be the same as our fossil. In neither is the

siphuncle strictly lateral ; and hence this species tends to connect

Oameroceras with the more ordinary forms of the genus."

The occurrence of this fossil in the quartz-rock leads to the belief

that, Avhen the limestones of Loch Eriboll are searched with the

same assiduity as was applied by Mr. Peach to their equivalents in

Durness, other fossils will also be detected in them.

The upper limestone, which is thin, and not persistent for any con-

siderable distance on the strike, is seen to graduate upwards under

Meol-bad-vartie into quartzose, felspathic, micaceous, thin-bedded

strata, which in parts assume a greenish tinge, and so pass upwards

into that series of micaceous, felspathic, and quartzose flagstones

which in parts have gneissic characters.

All these overlying strata repose conformably at slight angles of

inclination on the whole of the quartzites with limestone, and with-

out any break or separation.

N.W. S.E.

Prof.Harkness has transmitted to me a section (fig. 9) of the alterna-

tion of the quartz-rock and upper gneiss at a spot called Tord-leadh, or

the Green Knoll, to the N.E. of the House of Eriboll, which completely

sustains this view of the gradual and conformable transition, and shows

that there are considerable spaces where no intercalated igneous

rock is visible. It is true that Prof. Harkness has observed what

Prof. Ramsay and myself failed to detect (as well we might m a

lofty mountain-escarpment),—viz. the existence of 3 feet of mter-

stratified igneous felstone, represented in fig. 9. It is, however, to be

observed, that not only does this felstone not interfere with the regular

sequence and conformable overlying succession, but, instead of lying

Eig. 8.

—

Section at Tordleaclh.

v x\, 1. Quartz-rock. 3. Quartz-rock.

|§ 2. Gneissose flag- 4. Gneissose flagstone.

^^0$$^ stone. Dip. 35° S.E.

* Portlock, Geol. Eep. pi. 28. f. 4.
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between the upper limestone and the overlying so-called " gneiss
"

or mica-schist, it is interstratified with the latter rock, and, being

Fig. 9.

—

Section of the Junction of the Quartz-rock and Gneissose

beds above Eriboll House.

1. Quartz-rock.

2. Upper limestone.

3. Gneissose quartz-rock.

4. Gneissic strata.

5. Felstone (granitic).

6. Gneissic and micaceous schists.

a part of the overlying deposit, cannot be cited in any sense as

forming a barrier between the quartzose calcareous group and the

superior strata.
'

In the sequel it will be seen that, in following these beds on their

strike to Whiten Head, where the whole of the interstratified lime-

stone thins out, the granitic felstones really perform the part of

intrusive rocks which have been injected into the overhung schists

and dark green chloritic flagstones, although the regular order of

superposition of the latter is still undisturbed.

In short, the observer who walks along the summits of the escarp-

ments above the House of Eriboll will see that all the flaggy, mica-

ceous or quartzo-gneissose scries, with its siliceous flagstones, clearly

surmounts all the quartzo-calcareous series, and dips away gradually

to the E.S.E. Passing under the base of the lofty mountain of Ben
Hope (fig. 7), these rocks constitute indisputably a higher member
of the Lower Silurian series than the quartz-rocks and limestones

of Durness and Eriboll. These sections, I affirm, are as clearly

demonstrative of an ascending order as any which ever fell under
my notice or that of Professors Ramsay and Harkness ; and every

traveller who proceeds from Eriboll to Altnaharrow is invited to

witness the proofs of this order without even quitting the sides of

the high road.

It is needless to ask such observer to contrast the old gneiss (a)

of Pen Spionnaeh or liispond, distant a few miles only, which dips

to the west-south-west, with any of these very different quartzose,

micaceous, or gneissose flagstones (d) on the east side of Loch Eriboll,

which are inclined to the S. 10. ; hecau.se, as the latter exhihit no

reversal of the easterly dip, it is physically impossible that the

superposed strata can be equivalents of the rock which lies beneath

all the quartzose series (c) and dips to the west. (See section, fig. 7,

p. 22(j; and map, Q. J. G. S. vol. xv. pi. 12.)

In regard to the mineral distinctions and demarcations which

have been drawn in the geological map of Macculloch*, and in all

succeeding maps, between that which lias been called •• gneiss " mid

certain associated micaceous, chloritic, talcose. and argillaceous

* Mamillocli's map was constructed, oUflfijJ from liis own material.-, after lii-

dcatli.

Vol,. XVI.—PART I. 8
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schists, I simply view the latter as accidental and lithological varia-

tions which have no trne geological bearing. Thus, in the north of

Sutherland and in the clear sections to the east of Loch Eriboll, the

mere occurrence of more mica in some of the beds than in others

affords no reason for the insertion of a great mass of mica-schist,

which, by the unconformity of delineation as marked on the maps,

is made in one part of the tract to succeed to the quartz-rock, and
in another to an intercalated mass of " gneiss." The fact, on the

contrary, is, that both the so-called " gneiss " and the mica-schist

are part and parcel of the same great band of overlying strata, the

varying mineral members of which have a similar dip and strike.

In other words, the one of these flagstones is simply a continuation

of the other
;

and, whether more or less micaceous, felspathic, or

quartzose, they all distinctly overlie the purely quartzose strata of

the same Lower Silurian series. So little indeed have some of these

overlying beds the aspect of the old gneiss, that Prof. Harkness
declares that they often reminded him rather of altered flags of

Carboniferous age in Ireland. When, however, these same and
other overhang beds are followed further eastwards, in their slight

inclination, to the environs of Tongue, they here and there assume

more gneissic characters than the strata which clearly He beneath

them,—a phenomenon which will be presently spoken of, when it

will be shown that in the eastern region such strata are more
altered and are infinitely more affected by the intrusion of large and
extensive masses of igneous rock than in the north-western country.

Igneous Rocks of Sutherland.—The oldest igneous rock of Suther-

land is the bright-red granite which, penetrating the fundamental

gneiss in both large and small masses, seems in some places to be

almost a constituent of those ancient rocks which compose the

oldest or " Laurentian System."

Resting upon all this Laurentian or fundamental gneiss, the base

of the Cambrian rocks of Canisp is characterized by the large-cry-

stalled porphyry, first observed by Mr. Peach as clasping round the

lower part of that mountain. This peculiar porphyry not having

been detected in any overlying Lower Silurian rock, we may consider

it for the present to be characteristic of the Cambrian age in the

North-western Highlands.

No igneous rock has yet been observed to be associated with the

lower quartz-rock of Assynt ; but in the limestones which succeed

a band of trap or syenitic greenstone has been noted at Inch-na-

dampff, which dips with and conforms to the strata ; and although

there is no doubt of the intrusive character of this rock (seeing that

here and there it greatly modifies the character of the limestone),

still it in no wise interferes with the regular general succession of

the strata.

Next, an igneous rock of felspathic character, with some varieties,

which, though termed porphyries, are rather syenites (rarely true

porphyries), breaks through the upper quartz-rocks far above the

limestone of Assynt. In the tract to the east of Assynt which is

traversed by the road to Oykel Bridge, they spread out into large
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masses, as laid clown in the accompanying map of Sutherland*,

whilst some of them extend into Ross-shire. Again, Prof. Ramsay
found such felspathic rocks in a similar position northwards near

the head of Loch Coul.

However devious their outlines, and however much they are occa-

sionally developed, these intrusive felstones never break up the order

of succession, even where they are interwoven with the metamorphic

Lower Silurian strata. Thus, if the observer, instead of selecting

such transverse sections as those on which I have naturally insisted,

as being the most free from such eruptive agency, chooses to pass

over any of these igneous hilly masses in proceeding from west to

east, he will still find the strata on both their flanks dipping to the

east,—that is, to the S. or N. of east, according to the sinuosities and

projections of the more ancient rocks upon which these Lower Silu-

rian deposits were originally accumulated.

In short, the granitic felstones and syenites so largely developed

in the eastern parts of Assynt, and which rarely if ever occur be-

tween the limestones and the upper quartz, but chiefly either in the

latter or in the younger or overlying flagstones, no more hinder the

observer from developing a clear and conformable order of super-

position, than the true porphyries and other intrusive rocks have

prevented the Geological Surveyors from working out the regular

order of the associated Lower Silurian types of Wales f.

A most instructive lesson, in regard to the operation and effect of

the intrusion of the red felstones, is to be seen at the "Whiten Head,

or maritime eastern headland of the noble bay of Loch Eriboll.

There, the quartz-rock series of the loch appears with its usual white

aspect, when blanched by atmospheric action,—the cliffs with nume-
rous caverns facing the bay being composed of that rock, without

any associated limestone, which, as before said, thins out in its course

from S.S.W. to N.N.E. On rounding the headland in a boat (a very

calm day favoured us J), the grandest scene, both for the painter and

the geologist, was exposed to our sight. Numerous jagged rocks of

quartz stand out—some pertaining to the mainland, others forming

detached stacks in the sea,—one of which lias a height of about 150

feet. Threading through these pinnacles and proceeding to the cast,

we found the whole of these white quartzose strata dipping cast-

wards or to the E.S.E., and then overlain by a great mass of dark chlo-

ritic and micaceous schist, which is penetrated in devious directions

by eruptive bosses and veins of a light-red igneous rock, composed

chiefly of felspar with some light-coloured quartz, certain veins of

which cut acros-s the strata, whilst others run parallel to them.

Although this eruptive rock has doubtless passed up through the

stratified quartz-rock (one of the detached stacks exposing, indeed,

* This map wns exhibited at the Meeting of the Society. The chief features

are given in the reduced sketch-map, I'l. XII. in Vol. \v., puhlished in No. til.'.

t See the sheets of the (reologicnl Survey Map of North Wales, and the illus-

trative sections.

f I passed under these el ill's in a hoat with Prof. Sedgwick in 1>'_'7
; hut the

sen was then too high t<> allow of our examining the rock-

s 2
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11

a shaft of felspar-rock covered by white and yellowish-white quartz),

the red rock is a hundredfold more developed in the overlying dark-

grey and greenish schists of the

mainland (the " gneiss " of all pre-

vious geological maps). In fact, the

schist is so permeated by the red

intrusive matter, that it is mostly

altered into a hard hornblendic flag-

stone ; and yet the easterly dip is

persistent. It is thus specially to be
noticed that even this striking in-

trusion has not destroyed the order

of succession ; for even here, and
particularly in the little bay called

Geo-na-vore, the quartz-rock, dip-

ping away at angles of about 45°

to the east, having been denuded,

is seen to be overlain conformably

by the dark-grey and green chloritic

and talcose schist, with its interca-

lated courses and veins of red and
pink felspar-rock.

Similar proofs of the intrusion of

these red igneous rocks are visible at

several places between the "Whiten

Head on the N.N.E. and at Ben
Arnoboll on the S.S.W., from which
hill, to the ridge above Eriboll House,

the felspathic matter thins away into

the partial and evanescent layer of

3 feet above alluded to, and which
alone is detectable at rare intervals

in a consecutive parallel series, thou-

sands of feet thick. In the hill of

Drumtungi* (fig. 10), indeed, to the

east of Heilam, the igneous rock is

seen to intrude among the lower

quartz-rock, the strata of which are

placed in highly inclined positions ;

S ^ « but on the east side of that hill,

and immediately above a little loch,

the limestone and quartz-rock, both dipping to the east, are con-

formably surmounted by regularly stratified masses of grey and

dark-coloured talcose schists, in which the red felspathic rocks

are nearly as much distributed as at the Whiten Head. This

occurs in Ben Arnoboll ; and on the southern side of that hill, when

'i?J
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* There is doubtless a powerful fault between the little limestone promontory

of Heilam and the quartz-rock of Drumtungi Hill. But such dislocations ai*e

quite irrespective of the general succession.
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viewed from Glach-adherie, or the Valley of Storms, all these masses

can be clearly observed dipping together to the east. The general

accuracy, therefore, of the section of Mr. Cunningham seems to me
to be confirmed by an appeal to Ben Amoboll, if the hill which
lies to the east of Dramtungi be that to which that author referred.

Here we see the quartz-rock and limestone conformably super-

posed by what few geologists would call gneiss, but which would
by most be named chloritic, talcose, and micaceous schists ; these

strata, whatever be their mineral character, are riddled by the in-

trusive rock, and in parts much altered and hardened, -without pro-

ducing any discordance between them and the subjacent quartz-rock

and limestone. The manner in which the strata are affected at

different parts of this Hill of Arnoboll is thus represented by Prof.

Harkness. In the one case the quartz-rock and limestone arc seen

dipping conformably to the east against a large mass of eruptive

felstone (fig. 11). In the other (fig. 12), the upper portion (the

Fig. 11.

—

Section of the Quartz-roclcs and Felstone at Arnoboll.

N.W. S.E.

1. Upper Quartz-rock.

2. Upper Limestone.
3. Uppermost Quartz-rock.

4. Felstone (granitic).

quartz-rock) is seen to be followed on the east by altered schists or

gneiss, both in the body of the intrusive rock* and at its eastern

Fig. 12.

—

Section at Arnoboll.

Upper Quartz-rock, dipping
40° E.

2. Gneissic strata, dipping 40
_

K
3. Mass of gneiss enclosed in

the granitic felstone.

5 2 £ 4. Felstone (granitic).

flank : all the strata, however, whether broken or metamorphosed,
arc seen to dip conformably to the east.

Now, whether the generalized section, fig. 10. which I drew, or

the details given by an independent observer, I'rof. Harkness, taken

from other parts where the eruptive rock is most expanded, be referred

to, it is obvious tbat in neither is the easterly ascending succession

interfered with.

These cases are the most remarkable examples known to me,

and prove that, whether the intrusive rock shows itself in the

lower quartz-rock, the intervening limestone, the upper qimrtz-roek.

or the overlying schists or so-called "gneiss" (and in the Kriboll

* Prof. Jiicol wns indeed quite rttilit in calling attention to the ^rent mass of

associated igneous rock, which Cunningham nnd myself had |>crhaps treated ton

lightly. But the very fact of its existence without producing an\ hreak in the

general succession of the strata h. 1 think, a strikim,' cormlxiration of our views
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district it is chiefly in the latter), it never breaks up the general

succession, which, on the contrary, is still more clearly established

by its persistence in spite of all such local intrusions.

If the quartz-rocks and limestones with Lower Silurian fossils had
really been flanked on the east by a gneiss as ancient as that of

the west coast, as represented in all previous maps, they must have

been thrown into troughs. But nowhere, from the upper end of Loch
Broom in Boss-shire to the eastern shore of Loch Eriboll and the

northern sea-cliffs in Sutherland, is there any example that these

flaglike strata, whether micaceous, quartzose, or gneissose, have such

a reversed dip as would carry them under the Silurian quartz-rocks.

On the contrary, the latter are everywhere overlain by the said flag-

like, gneissose, or micaceous schists along a distance of seventy miles.

Such overlying rocks, be they ever so metamorphosed or broken in

upon by eruptive rock, can therefore no longer be represented on a

map by the same colour and with the same letter as the fundamental
gneiss. In fact, the term "gneiss," however good in lithological

parlance, must be discarded by geologists, except in a mineralogical

sense, just as " grauwacke " was eliminated from our nomenclature

when that term was found to have been indiscriminately applied

to rocks of various ages, from the Cambrian, through the Silurian

and Devonian, to the Carboniferous inclusive. In other words, the

day has now come, or is fast coming, when the various families of the

Scottish gneiss, so minutely elaborated by Macculloch, will have

their true ages assigned to them.

And now a few words on strata many of them higher in the series

of the Northern Highlands than those already treated of. In the

environs of Tongue, masses of igneous rock rise out which are vastly

larger and loftier than any associated with the inferior portion of the

metamorphosed Lower Silurian rocks. Thus, it was not merely in

the mountains of Ben Lloghal*, to the south of Tongue, that Prof.

Bamsay and myself found the syenitic and granitic rocks piercing

through all the overlying strata having gneissose characters ; but in

our rapid survey we detected that the imposing mass of Ben Stomino,

further to the east, and which has been represented in all geological

maps as composed of Old Bed Sandstone, was essentially granitic

!

On the flanks therefore of such grand eruptive masses—and they

may extend over many moors and morasses where we did not follow

them—it was quite to be expected that the contiguous strata should

(as we found them) be much hardened and altered, and also often

twisted into devious forms, much more resembling the older gneiss

than any of the lower flaglike masses around Ben Hope. Yet,

however metamorphosed, still the order of superposition continues,

—the usual and prevalent dip being steadily to the E.S.E. or S.E.

Even in these tracts, however, the gneissose character is not per-

sistent
;

for, on moving eastwards from the environs of Tongue to

the valley of Borgie Water, we again meet with interpolated mica-
ceous flagstones, in which undulations and ripple-marks are obser-

* pronounced Loyal.
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vable. Then in proceeding further east, the gneissose character,

with many granitic intrusions, again prevails, fine lamina) of felspar

alternating with quartz of white, grey, and pink colours.

On the west side of the Naver Ferry, granite here and there peeps

out in small knolls through the strata, which dip gently to the E.S.E.

;

whilst at Betty Hill, on the right bank of the stream, the gneissose

flags are raised to verticality and pierced by granite. In short, all the

stratified rocks of the region extending from the Naver to Melvich, and

thence ranging along the western borders of Caithness, must be

classed with the newer gneissose flagstones, though they are penetrated

at such numerous intervals by bosses of granite that it would require

much time and good detailed maps to ensure their correct delinea-

tion. These rocks stretch out to Strathie Point, whilst to the north

of Strathie Water the true Old Red Sandstone often rests at once

on granite. (See Map, pi. 12, Vol. xv.)

Again, between Melvich and the Inn of Achintoul, and thence to

the Ord of Caithness, Prof. Ramsay and myself found these granitic

outbursts to be so numerous, that we had no difficulty in compre-

hending why the overlying masses (in which there were numerous
undulations and breaks) should be much more metamorphosed than

in the western portion of the same scries of strata where the igneous

rocks are much less rife.

The Eastern Gneissose Roclcs of Sutherland and Ross.—The
metamorpliic condition of the old stratified rocks which extend

eastward from Sutherland into the edges of Caithness is well seen

at and around the Scarabin Hills, and has been before adverted to*.

On the south-eastern flank of the Scarabins, various stages in the

degrees of change may be traced, from slightly altered grey-eolourcd

micaceous quartzites up to the highly crystalline quartz-rock, which
is void of mica and is penetrated by much granite,—the prevalent

dip being to the S.E. and S.S.E.

Again, in tracts further to the south along their eastern frontier,

these stratified crystalline rocks are well seen to the west of Oolspic

and Loch Brora. There, at the head of Dunrobin Glen, the finely

grained, thin-bedded, quartzose rocks, which are laid down as gneiss

in geological maps, consist of rugged bosses with many joints, and so

abundantly penetrated by granite that it IB difficult to trace the true

bedding.

In the upper part of Strath Brora, however, the strike of these

gneisso-micaceous rocks is manifestly from W'.S.W. to E.X.K.t In

crossing the River Brora above the house of Kil-callum-kil, this

gneiss is admirably exposed in a gorge watered by a torrent which
flows down from the flank of Ben Smeorale into the Loch of Ihorn.

The strata are then thrown olf to S. and N. of K., at various high

angles from oU to 7"°.—numerous huge masses of granite being seen

to intrude upon the beds. In tracing the stratified crystalline rocks

from W. to K., or from N.W. to S.E., it may therefore be truly said

* See Quart. .Tourn. Geol. Soc. vol. xv. p. 384.

t 1 f subsequent researches should pre >vc that some of this eastern irnriss pertain-

to the old or fundamental roek. the fact would in no wise invalidate the truthful-

ness of the described succession in the north-western parts of Sutherland and Koss.
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that their degree of metamorphism bears in several tracts a close

relation to the amount of granite which has been intruded among
them, and that thus the eastern rocks which overlie the western

deposits have been rendered more crystalline than those of older

date. At the same time there are wide tracts of country where the

upper or flaggy gneiss is in a highly crystalline state, and yet where
the observer is unable to detect any granite, porphyry, or other

purely igneous product in the proximity. For, after all, such erup-

tive rocks are merely to be viewed as the occasional signs of the

effusion of that great internal heat, which may have accompanied

the metamorphosis of a whole region of stratified rock without being

the sole, or even the main cause of the great change, which pro-

bably resulted from a combination of electrical and other forces.

Hypothetical view respecting the gneissose rocks of the Southern

Highlands.—Having come to the above conclusions respecting the

age of the eastern gneiss of Sutherland and Ross, I venture to

suggest that nearly all the eastern gneiss of the counties of Inver-

ness, Nairn, Moray, Banff, and Aberdeen, as well as many stratified

rocks of the Southern Highlands, may prove to be younger than

the fossiliferous quartz-rocks and limestones of the North-west.

Not having carefully examined the chain of the Grampians, I

cannot pretend to say that some of the fundamental gneiss and older

granite may not be there partially exhibited. But I hold it to be

highly probable that the so-called gneiss which ranges along the

edges of the Old Bed Sandstone of Moray and Banff, and is seen

on the banks of the Spey where crossed by the railroad, and thence

extends to the east coast, belongs to the younger gneiss, and that

the micaceous flags (not slates) east of Fochabers, and the clay-

slates extending from Foundeland to the tracts south of Huntley,

are simply different members of the same Lower Silurian strata.

The clay-slates are, indeed, so little metamorphosed, that I cannot

but believe that Graptolites or other fossils will some day be found

in them. Again, on the eastern flanks of the Grampians, wher-

ever I examined these clay-slates, I found them to be simply thin

argillaceous flags, void of cleavage, with - intercalated courses of

limestone; nor could I comprehend how, by the smaller or larger

quantity of mica, great lithological distinctions could be maintained

along definite zones,—so much does one of these classes of rock

graduate into the other. Furthermore, I observed in the glens

which enter into the south-eastern flank of the Grampians, various

bosses and bands of eruptive porphyry which are marked on no

map, but which have doubtless served so to modify the strata,

that the transition from one lithological character to another, as

from clay-slate to mica-schist, and from the latter into the so-

called gneiss, becomes so devious and irregular, that it is almost

impossible to lay them down in separate zones on any map now
extant.

And here I must take the opportunity of again expressing an

opinion which I put forth at the Glasgow Meeting of the British Asso-

ciation in 1854, and which has been reiterated in the last edition of

' Siluria,' and also in my last communication to this Society. It is,
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that, with the exception of rare and insulated cases, as in the slate-

quarries of Easdale, Ballyhulish, <fcc, on the west coast, there is

scarcely a trace of true slaty cleavage throughout the vast masses of

the crystalline stratified rocks of the Highlands. Deeply lamenting

that my able and zealous friend the late Mr. D. Sharpo should, after

a hasty survey, have been led to express tho broad views on cleavage

which are printed in the ' Philosophical Transactions*/ 1 was for some
time unwilling to advert to a subject on which I held opinions so very

much opposed to his own ; but now that I find Prof. Ramsay, who
is so well acquainted with the slaty rocks of North Wales, completely

agreeing with the views which Prof. Sedgwick and myself long ago

expressed, I can no longer forbear from pointing out what I am
compelled to consider an error. In fact, there can be no sort of

doubt that the different stratified masses of the Highlands have

resulted from successive depositions of mineral matter, which, though
subsequently much metamorphosed and also traversed by numerous
joints, have in the rarest cases only assumed a true slaty cleavage.

Conclusion.—I may now rovert to the main object of this memoir,

the establishment of a clear order of succession among the oldest rocks

of the North-western Highlands. And here I have the satisfaction to

reiterate that not only Prof. Ramsay, who accompanied me, but

akso Prof. Harkness, who has since visited the north-western region

to satisfy doubts in his own mind, have both come to the conclusion

that my general views (as laid down in the map, PI. XII. vol. xv.) are

correct.

On a point of such great stratigraphical importance, I cannot avoid

quoting the very words of Prof. Harkness, who, after visiting the

west of Sutherland, wrote to me thus :—" The gneiss which occupies

the western portion of Sutherland is of a character so unlike that

which forms the more eastern mountains of this country, that litho-

logical characters alone would almost justify the conclusion that

it appertains to a different geological epoch. Its strike is, as you
have shown, at variance with that of the newer gneiss where this

latter is in contact with the quartz-rocks and limestones forming the

Lower Silurians.

" At many localities where the surface allows of the relation of

the upper gneiss and its immediately underlying deposits to be seen,

there is undoubted evidence of a perfect Sequence and conformity of

the strata which appertain to the upper quartz-rock and limestone

and the overlying flaggy gneiss ; and this latter, in some districts

remote from the quartzites and limestones, presents the same uniform

dip with the rocks on which it reposes, as seen in Hen Hope and the

extensive country to the S.K.

" All the circumstances in connexion with this tlaglike gneiss prove

it to be a member, superior in position, but intimately allied, <>(' the

liower Silurians of the N.W. of Scotland. The mode in which the

felspar-rock is found in relation to this gneiss at Kriboll indicates

that no great line of dislocation separates the upper quartzites and

* Vol. cxlii. j). 44">.

VOL. XVI.— PART [, T
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limestones from the so-called gneiss, since it is through this latter

that the felstone penetrates, and not through a line separating this

from the quartzy or calcareous deposits."

The changes which are involved in the adoption of my views

of the order of succession are, it will he admitted, considerahle.

In the first place, hy showing that mountain-masses of sandstone

and conglomerate he unconformahly beneath quartzose and cal-

careous rocks with true Lower Silurian fossils, we know that the

former must be of Cambrian age. We further learn that the old

or fundamental gneiss, which lies beneath such Cambrian sand-

stone, and is entirely unconformable to, and independent of it, is

a lower stratified rock than any hitherto recognized in the British

Isles. The beginning of the geological alphabet, as applied in the

Maps of the Geological Survey to the Cambrian rocks of England,

"Wales, and Ireland, must therefore be preceded in Scotland by the

first letter of some alphabet earlier than the Roman, showing a

still lower deep in the north-west of Scotland (as in North Ame-
rica) than exists in England, Wales, or Ireland.

If this most ancient gneiss required a British name, it might in-

deed with propriety be termed the " Lewisian System," seeing that

the large island of the Lewis is essentially composed of it, capped

here and there by derivative masses of Cambrian conglomerate

;

but the term " Laurentian " having been already applied to rocks of

this age in North America by our distinguished associate Sir W. Logan,

I adhere to that name, the more so as it is derived from a very ex-

tensive region of a great British colony.

Having proved that the fossiliferous Lower Silurian zone is con-

formably surmounted by various crystalline flaglike strata, it follows

that the latter, though formerly looked upon as among the most ancient

rocks, must be simply viewed as other and younger masses of the

same natural Silurian group, but which have undergone such an

amount of metamorphism as to have obliterated the traces of any

animals which once inhabited the seas in which the strata were

accumulated. A glance at the little map* and table of colours, PI. XII.

vol. xv., and a comparison of them with all preceding maps and

publications, will at once explain the changes which I have en-

deavoured to effect. The leading features of these changes I first

sketched out in the year 1854 at the Glasgow Meeting of the British

Association, and afterwards dwelt upon them at the meeting of that

body at Aberdeen in the autumn of 1859.

Lastly, I would repeat the suggestion which I have before thrown

outf, that the stratified rocks of the north of Scotland are for the

most part equivalents in age of the Lower Silurian rocks of the

southernmost Scottish counties, the strata of which, having been

only partially altered, and having been left in the mineral condition of

" grauwacke," naturally exhibit much more frequently the evidences

of fossil organic remains than their highly crystalline and metamor-

phosed representatives in the northern Highlands.

* Published in No. 62 of the Quart. Journ. Greol. Soc.

f Quart. Journ. Geol. Soc. vol. vii. p. 169 (1851).
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November 30, 1859.

Sir Walter James, Betshanger Park, Kent ; George Dawes, Esq.,

Milton Iron-works, near Barnsley, Yorkshire ; The Rev. Julian

Edmund Woods, Penola, South Australia ; Eassett Smith, Esq.,

1 Elm Court, Temple
;
Captain W.Hichens, Bengal Engineers ; Lionel

Brough, Esq., one of ELM. Inspectors of Coal-mines, Clifton ; John
Studdy Leigh, Esq., St. Stephen's Terrace, Bayswater ; and John
Pope Hcnncssy, Esq., M.P., were elected Fellows.

The following communications were read:

—

1. On some. Bronze Relics found in an Auriferous Sand in Siberia.

By T. W. Atkinson, Esq., F.G.S., F.R.G.S.

The accompanying fragments of worked metal* were discovered

in Siberia, at a gold-mine on the River Shargant, in about lat. 59°
30' N. and long. 96° 10' E. They were found at a depth of 14 feet

8 inches beneath the surface, near the middle of a bed of gold-

bearing sand j, which was 20 inches thick, and composed of yellow

sand, pebbles, small fragments of quartz, with other pulverized or

decomposed rocks. Imbedded in it were pieces of gold, varying in

size from small grains to nuggets of one to four pounds in weight.

This deposit rested on a bed of rock.

Immediately above the sand there was a stratum, 5 feet in

thickness, consisting of coarse gravel, dark-coloured sand, and
some earthy matter, containing pieces (but not of large size) of

quartz, granite, and porphyritic rocks. Overlying this, there was
another stratum, 6 feet in thickness, composed of yellow sand and
rough pebbles, in which were imbedded blocks of granite, porphyry,

and jasper. Some of these were large, and their angles were worn
away by attrition. Over this was a bed of dark-coloured sand,

about 1 inches thick ; and above that, 2 feet of good vegetable

mould, formed by the decayed trunks of trees and herbage.

There were no fissures in the strata through which these bronze

relics could have fallen, nor did they appear to have ever been dis-

turbed by man since the gold was deposited.

The relics were found in the presence of one of the officers of

the mine, and secured by him, or they would probably have been

taken to the gold-washing machines and lost. I saw them within

half an hour of their discovery, and with some of the matrix (sand

and gravel) still adhering to them. The Director and the miners,

as also myself, were fully convinced that these pieces <>f metal had
been carried to their resting-place by the stream which had washed
down the gold.

* Kxhihitcd at t he Mooting.

+ The Shargan, which has often shifted its course, runs into the Toungous at

ahout 40 miles holow the S|>ot here referred to as the place of the gold-diififings
I

the latter river ultimately .i"h>- the Youissoy. This L'old-mine is atxnit l.
r
><> miles

from the town of Yenis-cy.

\ Remains of Mammoths are *aid to occur in this sand, alxmt half a mile olT.

T 2
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The country was covered with a dense forest of cedars, pines,

poplars, and birches, extending for several hundred miles, but few
parts of which have yet been penetrated. Near the edge of the

excavations, cedars 4 feet in diameter were growing; and vast

numbers, of still larger dimensions, had been cut down on the site.

I have seen cedars in these forests 7 feet in diameter at 4 feet above

the ground.

The above are extracts from my journal,—mere facts. As I have

no theory to establish, I give them without any speculations as to

the period when these relics were deposited in the sandy gold-

bearing bed. I may, however, add, that the Director of the mines

supposed these pieces had formed a part of some horse-trappings

;

but my own impression is that they had belonged to a bracelet.

By examining the larger fragment, it will be seen that it is decorated

with foliage. The metal is bronze*.

I possessed several other pieces, one of which was a wedge-like

part which fitted into the unbroken ring. But unfortunately all

were lost on my journey, excepting those which I have enclosed for

inspection. Some other parts were shattered by the pick-axe, taken

to the gold-washing machine, and lost.

These fragments were found on tbe 26th of August, 1851, during

my stay at the gold-mine. I saw the place whence they were taken,

and the Director most kindly presented them to me.

2. On the Volcanic Country of Auckland, New Zealand.

By Charles Heaphy, Esq., Provincial Surveyor, &c.

(Communicated by the President.)

[Plates XII., XIII.]

By the map of New Zealand it will be seen that in the 36th degree

of south latitude the Northern Island of New Zealand is so much nar-

rowed as to form an isthmus of about six miles in width from east

to west, connecting the broader and higher land on either side.

This isthmus, like the land immediately to the north and south of

it, has an undulating surface, rising in some places to hills of about

600 or 700 feet above the sea. The cliffs which bound its eastern

side show beds of soft sandstone, indurated clay, and mud-rock, with

layers of volcanic ashes, and, occasionally, seams of lignite and coal.

The whole seems to belong to the Tertiary formation, and probably

to the Eocene period. Organic remains are rarely met with. But at

one locality, between Kohuroa and Omaha, Terebratulce (of which

specimens are forwarded to the Society) occur at the junction of the

volcanic ashes and clay-beds above-mentioned.

The higher land to the south of the isthmus—beginning on the

eastern coast—consists of, first, clay-slate, then rocks of the Creta-

* As determined by Dr. Percy, F.G.S., Nov. 30, 1859.
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ceous formation, and lastly, a magnetic sandstone-rock, mixed with
a black conglomerate. This series rises into hills of 800 or 1000
feet above the sea.

To the northward of the isthmus the Tertiary is bounded on the

eastern slope by a black trap-rock of a very close texture, next by a
black boulder-rock, and finally, on the west coast, by a trachytic

breccia, rising into peaks and ridges of from 700 to 1500 feet high.

To the eastward of the isthmus are several islands, in the Gulf of

the Thames, composed of clay-slate, of basaltic lava, and of the black

boulder-rock. The latter rises into peculiar sharp crags, at a height

of 1000 feet or thereabouts.

The isthmus may be considered as a basin of Tertiary rock.

Through it have burst up, dotting its surface, as many as sixty-two

separate volcanos ; showing in nearly every instance a well-defined

point of eruption—generally a cup-like crater, on a hill about 300
feet high above the plain.

In some instances there are as many as four points of eruption in

the compass of a square mile,—the streams of lava commingling or

overlapping ; and the former crater in some cases filled up by the

ashes from the more recent one.

On an examination of these volcanos, differences of age become
at once apparent ; and the relative position of their respective beds

of ashes in the surrounding rocks facilitates the inquiry as to their

priority of eruption. They may be classed as follows :

—

1st. The eruptions, on a stupendous scale, of the mountain-masses

with boulder-rock, rising to a height of 1000 or 1500 feet above the

Tertiary basin ; and perhaps coeval with this was the rising of the

trachytic breccia. The relative ages of the black boulder-rock and
the trachyte, in respect to the Tertiary beds, must remain for a time

doubtful. At present there is no appearance of the trachyte having
been more recent than the Tertiary, save that it is in one place

superimposed ; and this, perhaps, is only its debris, consolidated. The
trachyte shows no difference of texture below or above. There are

abundance of dykes in it, but no craters; and while it lias risen to

a height of 1400 feet in peaks, there is no high mountain on any
side to wall-in the igneous mass. The peaks have not in any way
the appearance of the broken parts of the brim of a crater ; they

rather look like the hardest parts of dykes,—the softer contiguous

rock having disappeared.

2nd. Subaqueous erupt ions through the Tertiary beds at the time

when they were yet submerged. The ashes of these eruptions form

horizontal and extended beds below some of the Tertiary clays, and
are conspicuous for miles along the cliff's on the east of the basin.

3rd. Eruptions that have occurred at the upheaval of the Tertiary

beds. These are generally situated on the line of the cliffs, or over

faults in the Tertiary strata : and.

4th. Eruptions through the Tertiary strata.

I. Of the first ( lass (the black boulders and trachytes ) no points ol

eruption or craters can fx- traced, or anything approaching the era-
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teriform shape. The trachyte-rocks stand in a huge mass on the

flank of the Tertiary formation, rising high ahove them with fan-

tastic, in some cases overhanging peaks.

The surfaces of the boulder-rock and the trachyte are of very

compact texture, seeming to indicate the existence, as the mass
cooled, of immense pressure as well on the sides as on the summit,
occasioned by matter perhaps of a more destructible nature which
has since been removed, probably by denudation.

II. Respecting the second class of eruptions, the lavas of which
constitute part of the Tertiary series, the general characteristics are,

first, a great smoothness or worn-down appearance of the cones and
craters; the cup having been filled up, and the brim having been

broken away. The points of eruption are indicated usually by some
slight hollow, but chiefly by the streams of basalt and scoriffi that

centre there. The whole cone, consisting probably of loose cinders,

has been washed away, and its remains are spread along for miles,

in some cases, between the beds of clay
;
carrying with it fragments

of Tertiary rock, unaltered, but rounded : beds of indurated mud are

again superimposed on these. The volcanos Nos. 24 *fe 51 on the

Geological Sketch-map (PI. XII.) are instances of this.

Of these Tertiary volcanos some have, perhaps, been not altogether

subaqueous, but have raised their cones above the water, as in the

case of the North Head at Auckland Harbour (No. 5 on the map,
PI. XII. See also the drawing, PI. XIII.).

In this case no clays are superimposed, but the surface over the

lower beds of ashes is of that horizontal character which indicates the

action of water as the ashes fell, or before they were consolidated.

Around the sides of this crater, the tails of the volcanic bombs are

more perfect (less injured by the fall) than could have been the case,

I think, if they had descended into anything but water. The lavas

of the submarine eruptions appear more compact than those of the

recent volcanos. Nothing like cellular scoriae has yet been found

among the cinders of this class.

III. The third class of volcanos here may be considered to be those

that came into eruption when the Tertiary was upraised. They lie

on the edge of cliffs, or on the prolongation of the fine of a cliff that

has dipped into the sea, as in the sketch (fig. 1).

The lavas of these have an older and more decomposed appearance

than those of the fourth class, and the craters have always broken

out towards the lower or seaward side.

In one instance, where there is a remarkable fault in the Tertiary

rock, eruptions and a crater have resulted, the deranged strata dip-

ping towards the point of eruption (fig. 2).

The fourth class, or those eruptions that have come up through

the already upheaved Tertiary rocks, show the greatest variety of

form and conditions,—a result perhaps only attributable to their

having been less affected by time and disturbances.

IV. The volcanos of the fourth class may again be systematized

as follows :

—

1. Tufa-craters, of but very slight elevation.





246 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Nov. 30,

2. Basaltic and scoriaceous eruptions, ofa sluggish nature (wellings-

out), which have caused but little elevation, and no cone.

3. Cones with cups ; of various compositions.

1st. Of the tufa-craters there is a greater variety in respect to

size (diameter) than in any of the other classes. The Pupuke Lake
(No. 2 on the map, PI. XII.) is three-quarters of a mile in diameter

between the walls of the crater, while the little Pond-crater, No. 7,

is only 30 yards across.

These craters are generally either filled with water or with a

swampy soil, and all show the characteristic section seen in fig. 3.

Fig. 3.

—

Diagram of a Tufa-crater.

Plain. Tufa-crater. Lake or Swamp. Tufa-crater. Plain.

V r
In eight instances the broad tufa-crater contains within it a second

point of eruption, constituting a cone, generally isolated, unless con-

nected with the margin by the lava-stream which it has emitted.

Mount Richmond, No. 25 on the map, is an illustration of this.

It is worthy of remark that in many cases the tufaceous craters

seem, from their copious supply of water, to be fed by springs on

which local rains seem to have but little immediate influence. In the

case of the crater No. 25, the water is always running, and is of a

pure quality.

The tufa-crater is often nearly filled up by the lava-stream from

its central cone, or by the eruptions of some contiguous volcano.

2nd. The volcanos of this subordinate class are few, or, perhaps,

their immediate points of eruption are but rarely apparent, from the

circumstance of their being covered by the lava that has flowed out

of them.

Apart from other volcanos, or high above the level of other lava-

streams, are large ridges of basalt or scoria?, bearing a surface-

ripple, formed during the consolidation of the fused mass. By
ripple-mark I here mean such concentric rings or ridges of surface

as may be seen on slag that has cooled undisturbed after flowing

from the furnace, as shown in fig. 4.

Pig. 4.

—

Concentric Markings on the /Surface of a cooled mass of
Lava or other molten matter.

In these cases the molten matter seems to have welled out slowly
,

without any projectile force or much vaporous explosion. No. 14,
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and especially No. 42, on the map, PI. XII., are instances of this.

In the latter the eruption has taken place between two streams, and

the lava has flowed to the confine of each, and there cooled.

In many cases the actual points of eruption must be hidden by

the matter that has flowed out, while the contiguity of the edges

of lava-streams flowing from other craters has destroyed the insu-

larity of the emitted mass. The most interesting, however, of these

phenomena are where, after a period of eruption, a partial collapse

has taken place, and the crater (if it may be so called) has subsided

within itself : I think the point No. 20 on PI. XII. may be considered

as of this kind.

The 3rd subclass of the fourth series is the elevated conical hill

with its crater. I will describe three kinds, each of which may be

considered as a type of several others that occur in the district.

a. MountAlbert (No. 1 6 on PI. XII.) is a mound, about 350 feet above

the sea, the base of the cone being about one-third of a mile in dia-

meter. The crater is about 80 or 100 feet deep, and the Hp on the

S.W. side is broken away. A lava-stream has flowed out on this side,

and continued its course along one of the natural valleys, over the

Tertiary clays, to the sea at Auckland Harbour, a mile and a half to

the N.W. The lava-stream has not expanded much laterally, perhaps

on account of a stream and a swamp that touched its sides ; but it

has kept on its way, rolling, as it were, within partially cooled sides,

until it reached the sea, where its course is for the present lost.

A question perhaps arises, as to whether this lava-stream flowed

out of the crater through the present gap, which its weight caused

to give way ; or whether the cone resulted from an eruption of ashes

subsequent to the welling-out of the lava-stream. In some instances

(Mount Smart, No. 22 on the map, Pi. XII.) the lava-stream leaves

the mountain at a point opposite to the crater-gap, as if the piling-

up of the cone were subsequent to the basaltic eruption. There is

but one section of a crater yet discovered (No. 45 on PL XII.)

whore the effect of the tide has broken away one side of the cone

;

aud the section here has since been made more perfect by quarry-

ing operations. 8ec fig. 5.

In this case, I think it is evident that the basaltic lava rose up to

by where it flowed over the sides ; but those sides, especially at c,

were so steep as to cause a severance of the stream, and the lava

rolled down at once to (/. It may be a question whether the bed a

was subsequently added, or the basalt, />. found its way through, at

intervals, without disturbing a. The great compactness of texture of

the surface of b leads, perhaps, to a belief in the latter alternative.

/>. There are near Auckland about four instances of cones with

lateral craters.

The larger mound in fig. (> shows a well-formed, hut broken-down
crater; a subordinate mound also shows a crater; a third shows no

cup, hut a lava-strcan; Mows from the base of it ; and a fourth and

fifth show protuberances without apparent craters.

Are Xos. 3, 4, & "> in this diagram (tig. <!) hills once containing

craters that have been tilled up by the subsequent raining-in of ashes
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from Nos. 1 & 2 ? or are they dome-like risings, from the pressure of

u dyke below ? These subordinate craters do not range on the same
line with each other and the large one.

o. No. 1 on the map, PI. XII., or Rangitoto Island (see also PI.

XIII.), is a good type of another class, where successive eruptions,

each feebler than the preceding, appear to have taken place from

the same vent.

By the first eruption of this volcano the whole base of the island

seems to have been constituted. The scoriaceous matter erupted

appears to have heaped itself up until the last scoria) flowed over a

crater-lip about 600 feet above the sea. It was then entirely a

scorial island (1 b, in PI. XIII.), without any trace of tufa, or of

small cinders, and the scoria? sharp and clean, and almost vitri-

fied on the surface. The second period of eruption heaped up a

cone of ashes upon this (1 a, in PI. XIII.).

This second eruption appears to have been but feeble, for the

ashes from it are not diffused over the island. Indeed, in some
parts of the island there is such an absence of small cinders that

vegetation cannot exist, for want of a suitable substance in which to

spread a root. A third eruption now took place ; the sides of the

cone were broken down by some sluggish lava-streams ; and a new
cone (1, in PL XII.) within the last became formed, its highest point

being 920 feet above the sea.

The crater of the highest cone is about 200 yards in diameter,

and about 100 yards deep. The scoriae are very sharp, and also

wholly undecomposed.

Another interesting example is met with in Mount "Wellington, of

which a sketch-plan is annexed (fig. 7). Here the tufa-crater, A, ap-

pears to be the oldest ; it is nearly circular, with a swampy hollow (a),

containing a central cone with a partly obliterated crater. The
great crater, P>, seems then to have come into action ; and sub-

sequently the subordinate crater, D, which has thrown out a stream

of scoria), E, to the eastward. This has run into, and partly filled,

the hollow, a, before it found an outlet to the northward.

The question now remains,—how long a period has elapseil since

the most recent of these volcanos has been in activity, and are

they finally extinct, or merely quiescent? The relative ages of the

different eruptions may be easily determined by careful observa-

tion ; but the lapse of time since the last took place cannot now
even be fairly guessed at.

It would, however, appear tbat the Island of Kangitoto was ono
of the latest in operation. And though the natives have no tra-

ditions of this mountain, or indeed of any about Auckland, having

been in a state of activity, yet the name which it hears—and con-

spicuously in their old songs and traditional stories—is most sig-

nificant. Kangitoto means, literally and simply. " Bloody Sky."

Thus, Hutuji, sky ; bloody—a term never used to indicate

the red sky of evening or morning.

The traditions of the New Zealandcrs yield evidence that the
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people have had a common origin with the Sandwich Islanders. The
language has but a slight dialectal difference from the Hawaiian

;

so slight, indeed, that a separation of people for four or five cen-
turies might be presumed to have caused a greater ; and if it can
be established that Rangitoto has been in eruption since the coming
of the Maori, ethnologists may, perhaps, ere long assist in ascer-

taining their date. Leaving, however, this speculation, I may
mention that fern-root (Pteris esculenta) has been found by well-

diggers, imrnjured, at a depth of 15 feet below a bed of scoriae, near
Mount Eden ; and that charred bones, apparently human, were
found on the edge of a lava-stream, and protruding from the mass,
which had cooled about them.

Fig. 7.

—

Sketch-plan of Mount Wellington and Waipuna Lake,

eiglit miles east of Auckland.

A. Tufa-crater, a. Swampy hollow. B. Tufa-crater, about 400 feet high.

C. Lava-stream. D. Recent crater, about 200 feet high. E. Lava-stream.

F. Lake Waipuna, an old Tufa-crater.

Earthquakes (common and occasionally violent in the neighbour-

hood of Wellington—a clay-slate and granitic country) are here

unknown, or of doubtful remembrance. Are we to conclude that

the numerous volcanic vents have given off all that was of an expan-

sive or disturbing nature, and that they are really extinct ? In the

Bay of Plenty, at a distance of about 140 miles, is "White Island, a

volcano of considerable activity ; and in a chain from that to the

great inland volcano, " Tonge Riro," exist many geysers and solfa-

taras, all active. Has the volcanic effort become transferred to these

—and are they the safety-valves of the Auckland country ? Ob-

servation may yet show whether these have come into activity since

the cessation of eruption at Auckland. The buried plants and bones

may unfold a page in their relative history.
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1

Notes oyi the Fossils.

Among the specimens sent by Mr. Heaphy are some

Terebratulce (of large size) in a calcareous rock, from the Wairou
Valley.

Terebratulce and Bryozoa, from Kohuroa, near Cape Rodney.
Belenmit.es (sulcated), Bryozoa, and a Fern (Pecopteris ?), from seven

miles south of Waikato Head.
Brown-coal from Slippery Creek (Farmer's Land), and from Wan-

gaparou Promontory.

Lignite from a section at Orakei Creek, Auckland ; where clay (with

streaks of lignite), volcanic ash (15 ft.), sandstone, clay, and
lignite succeed one another (from above downwards).

Also a fossiliferous, friable, argillo-calcareous grit, full of green

grains (the casts of small organisms, especially of Foraminifera).

It contains fragments of SaUcornaria, and of spines of Echino-
derms ; also casts of Tubulipora and small Univalves ; and the

following Foraminifera :

—

Nodosaria Raphanistrum, Linn. (Fragments.)

Vaginulina Legumen, Linn. (Common.)
Pohpnorphina lactea, W. tfc J.

Oristellaria rotulata, Lam. (Common.)
Amphistegina vulgaris, D'Orb. (Common.)
Rotalia Schroeteriana, P. 6z J.

Miliola (Trilorulina) ; and others, indeterminable.

This group indicates a lute Tertiary deposit.

Editor Q. J. G. S.

Notes on the Plates XII. & XIII.

The Map, Plate XII. comprises a small Index-map of the North
Island of New Zealand, and the central portion of a largo Geological

Sketch-map of Auckland and the surrounding district, constructed

by Mr. C. Heaphy from actual survey in 1857, and corrected to

February 185!).

The corrections here alluded to have arisen from observations

made daring the progress of Dr. F. Hochstcttcr's geological survey
of the Auckland District.

It is expected that a more complete description of the volcanic

and geological features of this and other parts of New Zealand will

be supplied in the scientific publications of the Austrian •• Novara
*'

Expedition, by Dr. V. Horhstcttcr, the (ieologist of the expedition,

who remained in New Zetland, at the expense of the Provincial

Government of Auckland, for the purposo of making a geological

survey of the province.

In illustration of this memoir, the author has also supplied several

original water-colour sketches, indicating the geological and volcanic
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features of the district. These are preserved in the library of the

Society, only one of them being now published.

Sketch No. 1, illustrative of the geology of the northern shore of

Auckland Harbour, is here lithographed as Plate XIII., in which

the different volcanic soils are indicated by lighter and darker tints.

Sketch No. 2 is a view of Manukau Harbour, from Pahakura,

looking west. No. 3. Mount Richmond (No. 25 on the Map) and

the neighbouring hills and craters. No. 4. Manukau Entrance.

No. 5. Tarang'a, or " The Hen," and neighbouring rocks. No. 6.

Barrack Hill and Mount Eden. No. 7. Castle Hill, Coromandel Har-
bour.

—

Editor Q. J. G. S.

3. On the Geology of a part of South Australia between Adelaide
and the River Murray. By T. Burr, Esq.

[The following is an abstract of the second of two Reports on the Geology of

South Australia, by Mr. T. Burr, communicated by the Colonial Office in 1847
and 1848. In the first Report were described two sections traversing the coun-

try higher up to the north (one in the latitude of Mount Remarkable, 32° 44' S.;

and the other in that of the Burra Mines, 33° 41'). The chief points treated of

in the Reports have been published in some detail in a little book entitled, " Re-
marks on the Geology and Mineralogy of South Australia," by Thomas Burr,

Esq., Deputy-Surveyor-General of the Province : Adelaide, 1846.]

The lowlands about Adelaide on the west and along the River

Murray on the east consist of horizontal beds of limestone and cal-

careo-siliceous deposits, yellowish and reddish in colour, full of

marine fossils, and of Tertiary age. Sometimes gypsum and ferru-

ginous sand replace the limestone. These plains are arid—except

where granite protrudes from the surface, presenting cavities in

which rain-water collects. The author observed a similar Tertiary

formation on Yorke's Peninsula, at Port Lincoln, and to the S.E. to

beyond Rivoli Bay ; and it probably forms vast tracts in New South

"Wales and "Western Australia. None of these Tertiary districts

appear to exceed an elevation of 300 feet above the sea.

In describing two volcanos in South Australia, Mount Gambier
and Mount Schanck, Mr. Burr remarked that, coming from the west

or north-west, at about 20 miles from these hills a white " coral

limestone " [Bryozoan limestone] containing flint or chert takes the

place of the limestones and calcareous sandstones with recent sand-

formation previously passed over. This white limestone is remark-

able for the numerous deep, well-like water-holes in it, within about

twelve miles of the volcanic mountains, and about east or west of

them.
Mount Gambier has a height of 900 feet above the sea (600 feet

above the plain), and has three craters lying- nearly east and west

and occupied with lakes of fresh water. Mount Schanck, at a distarj ce

of about nine miles magnetic south, is circular and has one large and
two small lateral craters.



1859.] WOODS TERTIARY ROCKS.

The author next described the granite, gneiss, and slaty rocks

along a section extending from the River Murray and Kangaroo
Range across Mount Barker and Mount Lofty towards Adelaide,

and noticed the mode of occurrence of the ores of copper, iron, lead,

&c, in these rocks. Lastly, he noticed and explained the occurrence

of calcified stems of trees standing in the position of their growth in

the sand-dunes of the Gulf of St. Vincent, near Adelaide.

4. On some Tertiary Rocks in the Colony of South Australia.
By the Rev. Julian E. Woods, F.G.S. With Notes on the Fossil

Polyzoa and Foraminifera, by G. Busk, Esq., F.R.S., F.G.S.,

W. K.Parker, Esq., Mem. M.S., andT. Rupert Jones, Esq., F.G.S.

I propose to submit to the Society a description of an extensive

Tertiary deposit in South Australia, which has never received more
than a passing notice from any who have previously called atten-

tion to it. The beds to be described occupy so great a tract even
of the large colony of South Australia, that they will, I am sure,

eventually call forth a minute examination from those more com-
petent than myself. If there were any probability of a geological

survey of the place, under Government-auspices, I would not step

forward to do what would then be better done in a much shorter

time. But there is no probability of this. Victoria, alone, of all the
Australian colonies, as far as I am aware, employs a geological

surveyor; and of course he will not be permitted to extend his

investigations far beyond the boundaries of that colony. As there-

fore there is no likelihood of any organized scientific inspection of the

country I am about to describe, I venture to submit to the Society

my own imperfect observations on facts which it may prove useful for

science to be in possession of meanwhile.

The formation which is the subject of my observations extends

westward and southward from the River Murray. The line x x
across the map marks the northern boundary of the district with

which I am acquainted (about 290 miles long, by an average breadth

of 70 miles). This is all occupied with the tertiary limestone,

excepting some small patches of post-tertiary deposits. A line of

trap-rocks almost exactly follows the boundary-line of the two
colonies; and then the tertian- beds reappear and continue to l'ort

Fairy in Victoria, about 00 miles from the boundary.

The whole formation, and indeed the whole country laid down on the

map, is remarkably level and horizontal throughout ; the only excep-
tions being some few ridges, which never rise more than 2<»u feet

above the plains, tour extinct craters, and half a dozen hills raised

by trap-dykes. The latter are in the southern portion of the district.

In the north, on the edge of the Malice Scrub
(
h'tini/ii/itns t/uinnsa ),

there are two or three ranges of porphyry rocks, forming chains of

small eminences, some ")0 feet in height, which run about east and
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SJcetcJi-map of a Part of South Australia.

[To illustrate the Rev. J. E. Woods's paper on the Tertiary Strata of that District.

I . Hills of porphyry.
2-2. Rocks composed of

sand.

3-3. Shells of existing species

are found in the strata

of the hills running par-
allel with the coast.

4. Natural fountain.

5. Trap-dyke.

6. Lake Leake (two craters).

7. 7. Caves.

8. Underground river.

9. Mount Schanck.

10. Mount Gambier (with its

two craters).

I I . Large caves containing bones
&c.

% 3
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west for 100 miles, terminating in a volcanic district on the River

Warmon, Victoria, about twenty miles over the boundary. With these

exceptions the country is an immense plain, with a gradual rise from

the sea. In the extreme south of the district are some extinct

volcanos. To the north of these there lies an immense chain of

swamps, the principal of which is called the Dismal Swamp—

a

large series of marshes about thirty miles long by ten broad. To
the north of this again is a ridge of limestone (Tertiary), bordered on

each side by swamps or sandy flats, to Penola, where the Mosquito

Plains commence, and then continue right to the edge of the Mallee

Scrub. No change of the level occurs as far as the Mallee is known.

There can be no doubt that there is a continuation of the same flats,

and most probably of the same formations, as far as the River

Murray, a distance of 134 miles
;
but, as the scrub is nearly impe-

netrable from the tangled nature of the brushwood, and quite so for

want of water, the geographical and geological features are not

known. The cliffs of the Murray to the north are of the same de-

scription of rock as that found lower down near Penola. The Mos-

quito Plains are a series of swamps, which are shallower than those

further north, and the water in them dries during the summer. This

makes them available for pasturage, but the land is very inferior.

Before proceeding to describe the tertiary rocks, let me remark, in

reference to the country, that there are two kinds of soil met with.

The more common is a sand-peat, with stringy bark {Eucalyptus

Fabrorum) and a fern (Pterin esculenta) as the only plants, besides

the usual scrub-growth of Australia. The sand is found on examina-

tion to consist of rounded particles of pink felspar and white or

transparent rounded grains of quartz, mixed with carbonate of lime

and black loam. The other kind of soil is generally of a chocolate

or black colour, with limestone-rock cropping out. It gcnerally

supports good grass and trees of the Eucalyptus, Banksia, and Casua-

viiKi class, besides many beautiful Acacias. Both these kinds ..I'

country pass into another
; but, as a general rule, the sandy scrub is

found on very level ground, and the well-grassed soil on that which

is undulating. I shall now proceed to describe the formation which

is universal in the district.

Immediately under the surface-soil, which is always of small

depth, a white limestone is reached, of a compact texture, and con-

taining no fossils. In some places it is only a few feet thick ; in

others, some twenty or thirty feet ; and again in other localities it

is entirely absent. Whenever caves are found, such as I shall here-

after have occasion to describe, they are always immediately under

this non-fossiliferous bed ; and where this is absent, 1 do not remember
to have seen any caves.

Immediately under the bed which 1 have described come the fos-

siliferous limestone ; but there is no abrupt line of demarcation

between them, for the one passes insensibly into the other. This

rock is composed of fragments of lirynzon, sometimes so finely com-

minuted as only to show here and there small fragments of organic

structure, imbedding occasionally the Terehratula comptn, and fre-

VOL. XVI.— PART [, U
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quently the Spatangus Forbesii. At other places all organic traces

are lost, and the rock appears like white chalk, of an extremely friable

texture ;
or, again, the beds appear composed entirely of Bryozoa,

huddled together in a very confused manner, but always forming

strata. The most common fossils are the PsilescJiara subsulcata (nov.

gen. et spec), Busk, Melicerita angustiloba (sp. n.), Busk, Oellepora

Gambierensis (sp. n.), Busk, which must have been, from its constant

recurrence, the prevailing Bryozoan of the period, several Escharai,

Oelleporce, Membraniporce, Lepralice, and other Bryozoa, of which a

list has been drawn up by Prof. Busk, E.Gr.S., and appended to this

paper. Two species of Pecten also, and some Echinoderms*, are not

uncommon ; and casts of Univalves also occur. The only fossil which
I am able to identify as occurring in beds at home is the Nautilus

ziczac, which is frequently met with. The specimens I have sent

with this paper are not all equally abundant in the same strata,

—

some prevailing more in the lower, while others are more common
in the upper beds.

In a spot near Mount Gambier, where the falling in of a large cave

has given origin to a deep circular pit, about 100 feet wide and 90
deep, a complete section of the beds is exposed. It is here seen that,

in addition to distinct hues of stratification which occur about every

14 feet, there are regular zones where particular fossils are

associated. At the first bed (14 feet) little is seen but small

Bryozoa with Terebratulai. In the next (10 feet), less Bryozoa and
some Bivalves. The next (12 feet) is almost exclusively composed
of a species of Pecten, and the branched Oellepora Gambierensis.

Tbe beds seem to alternate thus to the water-line (there is water at

the bottom of the pit), except that a Retepora ? and the Spatangus
Forbesii are more common lower down in the deposit.

I cannot assert that this arrangement is found throughout the

district, but fossils are found in much the same way at the caves on

the Mosquito Plains, seventy miles distant (marked on the accom-

panying map), where a fine section is exposed to view. It appears

to me that the whole deposit has been formed in deep water, from

the detritus of a large reef, which may have existed at some di-

stance from the beds, as these appear to have been slowly spread

out. along the sea-bottom. This would appear from the chalky

texture of the rock, which, when soft, must have been a white pasty

mass, occasionally enclosing some fragmentary fossils which had
escaped the general attrition. The large Oellepora Gambierensis is

never in an upright position, but always broken and interstratified

in the mass.

The general resemblance which the whole formation bears to the

European Chalk is very singular. "With the exception of well-defined

strata and a rather more plentiful supply of fossils, the cliffs might

easily be mistaken for chalk-cliffs ; and then the usual sand-pipes

(sometimes going to great depths) and rows of flints make the resem-

blance most striking. The flints just mentioned are generally black,

occurring in regular layers, from 14 to 20 feet apart ; and one layer

* Mwpatagus, Echmolampas, and Clypemter.— Ed.
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is frequently found immediately over the water-level. Sometimes,

however, the flints are white ; but this is seldom the case ; and both

black and white varieties contain fossils, most commonly Bryozoans

and Sponges.

It might naturally be expected that in such loose and soft deposits

water would more or less undermine the rock and cause subterranean

hollows. Accordingly we find that the whole district is more or

less honeycombed with caves. Sixteen, and perhaps more, are

known, of very considerable extent ; but the smaller ones abound
in different localities, confined, however, to the higher ground, or

where the country is undulating, for I cannot call to mind a single

instance where they have been found on level flats. The most
remarkable of all are those situated on a high ridge on the northern

side of the Mosquito Plains (see Map, p. 254). There are three very

close to one another, the entrance to which is a round aperture, about

6 feet wide, on the summit of the ridge on which they occur. The
first cave is about 200 feet long, divided into three large halls, from

which there are occasional passages leading into extensive side-

chambers. At the end of the last cave the passage ramifies into

several smaller tunnels, which, though too narrow to admit of actual

examination, are supposed to be continued for a long distance. The
direction of the caves is nearly north and south, that is parallel with

the axes of the ridge. The entrance is at the southern end. At
the termination of the first chamber in the large cave, there is a large

stalactite, which almost entirely blocks up the passage into the next.

At the foot of this, on the side of the entrance, there is a very

extensive deposit of bones. These occupy just such a position as to

lead one to conclude that they had been deposited from a current of

water flowing from the entrance towards the narrow end. To such

a stream the immense stalactite would act as a dam, only allowing

the water to pass through a narrow passage at each side. I must
state, however, that there is but slight internal evidence of such a

stream, excepting perhaps that the walls of the cave are somewhat
undermined all round the first chamber ; and a stream running

strongly enough to bring down bones might be expected to leave more
evident marks of its former existence. But. if a stream did hollow

out the caves, there must have been a period during which its How
was stopped ; for the large stalactite bears evidence of having been

formed in small columns at first, and a current of water would have

prevented their formation, and have eroded them away much faster

than the drippings from the limestone could repair the damage
done. Supposing the great stalactite to have been formed during a

time when water was not running, its existence easily accounts for

the deposit of bones at its font ; tor it would act as a barrier to the

stream.

The bones in question are mostly of extinct species, closely allied to

those of animals at present inhabiting the locality, but many times

larger. The most common are those of a rodent somewhat resembling,

in the form of the skull, the dentition, and the markings on the

molars, our existing domestic Mouse, though it is many times larger.
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I have also identified the skull-bones of nine existing insectivorous

Marsupials, and one Bat, all of the size of existing species. There is

one thing more in this cave which deserves notice : it is the body of

a native which lies in a crevice of one of the inner chambers. The
remains are perfectly shrivelled and dry, and the skin, tough like

leather, broken through in some places and showing the bones under-

neath. It was partially imbedded in stalagmite some time since
;

but, having been moved by some settlers, there is no such appearance

visible now. At first sight one would imagine the remains to be of

great antiquity, but in reality they are very modern. It is only

fourteen years since the man died in the spot where his body is now
seen. He was shot in a quarrel between the settlers and aborigines,

and was known to have crept to the place where he died, in order to

escape pursuit. I cannot help thinking that the fact of human
remains becoming almost fossilized by being imbedded in stalagmite

is rather a valuable one. Dr. Lund, who found some bodies in a

similar state in caves in South America, took from that circumstance

the idea that the Indian race must have been in America much
longer than we supposed. Would not the fact to which I am drawing
attention modify the supposition of such immense age ?

Close to this cave there are two more ; neither of which, as far as I

am aware, have ever been examined. One of them is 30 feet deep, and
the other 60 ; and there is no means of descending into them without
pulley and ropes, which are not easily procured in the unfrequented
part of the Australian bush in which the caves are situated. Next
in importance to the above are a series of caves in the vicinity of

Mount Shanck, and between that and Mount Gambier. (The two
most southerly craters marked on the map.) Some of them do not
run very deep, but others have never yet been explored. They all

resemble each other in one particular, and that is in the possession

of water at a depth varying from 70 to 100 feet, dependent on the

height of the eminence upon which they are. One is just like a

round hole, about 100 feet in diameter ; and the passage to the

bottom is by a winding footpath to the water's edge, 75 feet below
the surface. The cave then seems to shelve away to a great depth ;

but no more is positively known than that at about 10 feet from the

side the soundings are 60 feet. At another cave very near this the

descent is very sudden, so that the water stops further progress very

near the entrance, and it is so deep as to appear of a deep sea-blue.

The cavern is seen to continue in a fine arched passage, high above

the water-level, to a distance far beyond what has ever been explored.

In a cave at Mount Shanck the water is so deep that no bottom
could be found with 120 feet of line. In every one of the above,

and in many more that I have not described, the water is beautifully

clear, and where deep of a sea-blue.

At certain seasons of the year (I have been informed) a distinct

motion is perceptible ; but I have been only able to verify this in one

instance. This was at a short distance from Mount Gambier, where an
extensive subterranean passage occurs. The opening to it is narrowand
perpendicular, and from above the water is just discernible. Upon one
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occasion a boat was lowered down to this, and a party of settlers floated

along the surface for half a mile
;
and, though they then turned back,

they alleged that the passage was as wide as ever and could have

been followed to a much greater distance. On this body of water a

distinct current is perceptible after the rainy season, and doubtless

this is one of many underground rivers by which a large tract of

country, unprovided with any other means of drainage, gets rid of

its surface-water. This may be the cause of all the caves ; but

why they should always occur on the higher ranges and not upon
the flats, does not appear very clear according to such a theory.

There are other facts which tend to show that some parts of the

country are being drained by underground channels. Thus in

certain localities on the Mosquito Plains all the wells are observed

to have a distinct current to the north-west. Again, I noticed, in

following the current of a large overflowing swamp, that the water

disappeared at the foot of a limestone-ridge (in which there were
only a few crevices) and became lost. Now at a place on the coast,

X.W. of the Mosquito Plains (Lake Eliza, marked on the map), and

at two places near the sea, south of the caves at Mount Gambier,

natural fountains are found, where the water rises from holes in

the rock in a fountain of some height, which must send up many
gallons of water per minute. There may be many others which are

not known, for the coast has been but little explored. At all events

the existence of a chain of freshwater lakes along the coast, con-

taining much more water than can be accounted for by the annual

fall of rain, would seem to indicate an underground drainage ; for it

is known not to come along the surface. The channels made by the

passage of this water will certainly become caves, shoidd the land be

hereafter sufficiently upheaved to leave them dry.

I have never been able to find bones in any caves but those of

the Mosquito Plains, except in one or two shallow ones, where,

though imbedded in stalagmite, they were all of existing species

;

and the aperture was always in such a position on the roof that

animals, bounding across them, would be most likely to fall in. I

met with one curious instance of how caves of this description might

become full of animal remains. In exploring one near the coast,

which had never been entered before, I crept along a gallery which

led into a large chamber, in the centre of the roof of which there

was a round hole about 2 feet wide. Underneath this was seen

a large heap of Kangaroo bones ; and skeletons were distributed

about the chamber. On coming to the surface 1 found that the hole

was almost perfectly concealed by grass, that an animal might

jump into it without suspecting the existence of an aperture. Some

might be killed immediately, and so leave their bones on the heap,

while others would struggle about the chamber and have their

skeletons around.

I have now enumerated a few of the remarkable features of this

extensive district, in which, though nearly 1<»,!>2<> square-miles in

extent, there are only one or two small patches where the deposit

dill'eis from the formation which 1 am led to believe is of an Koeene
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character. These exceptions are,—first, a deposit composed of fine

particles of sand and broken fragments of shells such as would arise

from detritus brought along by a deep sea-current. The rock is

stratified in a manner which fully bears out such a view. I believe

that this formation covered nearly, if not quite, the whole of the

limestone, but has afterwards been washed away by denudation, to

which its friable texture would render it extremely liable. There is

always more of it near the coast, and there in some places it is 200
feet thick. Elsewhere it is only in patches lying on elevated spots

of ground, and apparently much water-worn.

A ridge of coarse limestone follows the line of coast; and in

this, as well as in the limestone some few miles further inland, fossils

abound ; but they are all of species at present inhabiting the coast.

This is the result of upheaval which appears from observation to

continue to this day. It is worthy of notice that volcanic emana-
tions occurred during the period of upheaval ; and it would appear

probable, from shocks of earthquakes that are occasionally felt, that

the cause of them is yet in existence.

Note on the Fossil Polyzoa collected by the Rev. J. E. Woods near

Mount Gambler, South Australia. By George Busk, Esq.,

F.B.S., E.G.S., Ac.

The Polyzoa included in this collection belong to fifteen or sixteen

genera, of which four are probably new ; and the number of species

is about thirty-nine or forty, of which at least thirty-six seem to be

undescribed. Among them are several very peculiar and character-

istic forms, especially in the genus Gellepora. Taken as a whole,

these fossil forms exhibit such generic and specific types as to render

it probable that the formation in which they are found corresponds,

in point of relation to the existing state of things, with the Lower
Crag of England, although the collection contains but one or two
species which can be referred, and those even doubtfully, to any
belonging to the Crag. It is remarkable, however, that it presents

a second species of Melicerita, which genus is peculiar to that deposit.

Of the characteristic Fasciculariai and other Theonidce of the Crag
no trace exists in the present collection. The most characteristic

form is a large and massive Gellepora, for which I propose the name
Cellepora Gambierensis.

List of Genera and Species.

I. P. CHEILOSTOMATA

.

1. Salicoraaria, Guvier.

1. S. sinuosa, Hassall.

2. S. Parkeri, n. sp.

3. Onchopora, Busk.

1. 0. pustulosa, n. sp.

2. Canda, Lamx.
1. C. angulata, n. sp.

4. Membranipora, Blainville.

1. M. stenostoma, Busk. ?

2. M. bidens, Rag.
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3. M. appressa, n. sp.

4. M. Cyclops, Busk.

5. Lepralia, Johnston.

1. L. , sp. ?

2. L. submarginata, n. sp.

3. L. subcarinata, n. sp.

4. L. doliiformis, n. sp.

6. Cellepora, 0. Fabr.

1. C. Gambierensis, n. sp.

2. C. hemisphaerica, n. sp.

3. C. niimmularia, n. sp.

4. C. eostata, n. sp.

5. C. tubulosa, n. sp.

6. G. spongiosa, n. sp. ?

7. Eschara, Linn.

1. E. simplex, n. sp.

2. E. papillata, n. sp.

3. E. arcuata, n. sp.

4. E. oculata, n. sp.

5. E. bimarginata, n. sp.

6. E. hastigera, n. sp.

7. E. inornata, n. sp.

8. E. - sp.

8. Betepora, Imperato.

1. B. , sp.?
9. Psileschara, nov. gen.

1. P. piLstulosa, n. sp.

2. P. subsulcata, n. sp.

10. Cceleschara, nov. gen.

1. C. australis, n.sp.

11. Melicerita, M.-Edivards.

1. M. angustiloba, n. sp.

12. Scutularia, nov. gen.

1. S. prima, n. sp.

II. P. CYCLOSTOMATA.

1. Pustulopora, Blainuille. 3. Hornera, Lamx.
1. P. distans, n.sp. 1. H. Gambierensis, n. sp. ?

2. Idmonea, Lama;. 2. H. rugulosa, n. sp. ?

1. I. Milneana, D'Orbigny.

? 2. I. ligulata, n. sp.

Note on the Foraminieera from the Bryozoan Limestone nmr
Mount Gambier, South Australia. By W. K. Parker, Esq., and
T. Kupert Jones, E.G.S.

A small portion of the deposit has yielded several Foraminifera,

namely,

—

Polymorphina lactea, J". Sf W. Bather large. 1

Textidaria pygmaea, D'Orb. Small. I Not rare.

agglutinans, IP Orb. Small.

Globigerina bulloides, D'Orb. Small. Common.
Cassidulina oblonga, Reuss. Small. Rather common.
Bosalina Bcrthelotiana, D'Orb. (a variety of HoUdia Turbo, D'Orb.).

Small. Bather common.
BotaliaUngeriana,//Or/>. Bather large. Abundant. \ Yarietiesoi ']{<>-

Haidingerii, D'Orb. Small. Not uncommon. I tidin (Fla/nor-

reticulata, Czjtvlc. Small. Not rare.
[

bidina)farcUt,

(Anomalina) Botula, D'Orb. Small. Bare. J P. & M.

The above-named Bhizopods exist at the present day, and lor the

most part live in rather deep water, at from 200 to MHO fathoms. It

would hence appeal- that the fragmentary Bri/ozna forming the nia-s

of the deposit were washed down from a higher /one of sea-bottom

and mingled with the Fonn,unif,r<t inhabiting deep water.
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December 14, 1859.

John Holmes Bass, Esq., 2 Picton Villas, Holloway, was elected

a Fellow.

The following communications were read :

—

1. Note on some Bematns of Polyptychodon from Dorking.

By Prof. Owen, P.E.S., P.G.S., &c.

[Abstract.]

Referring to the genus of Saurians which he had founded, in 1841,

on certain large detached teeth from the Cretaceous beds of Kent and
Sussex, and which genus, in reference to the many-ridged or folded

character of the enamel of those teeth, he had proposed to call

Polyptychodon, Professor Owen noticed the successive discoveries

of portions of jaws, one showing the thecodont implantation of those

teeth, which, with the shape and proportions of the teeth, led him
to suspect the crocodilian affinities of Polyptychodon; and the sub-

sequent discovery of bones in a Lower Greensand quarry at Hythe,
which, on the hypothesis of their having belonged to Polyptychodon,

had led him to suspect that the genus conformed to the plesiosauroid

type. The fossils now exhibited by Mr. G. Cubitt consisted of part

of the cranium, with fragments of the upper and lower jaws and
teeth of the Polyptychodon interruptus, from the Lower Chalk at

Dorking, and afforded further evidence of the plesiosauroid affinities

of the genus.

The cranial fragment included the frontal, parietal, and mastoid

bones ; and at the overlapping suture between the frontal and pa-
rietal was situated a large oblique ' foramen parietale '—a part not

present in the order Crocodilia, but characterizing the corresponding

region of the cranium in the Plesiosauroids,—the ' foramen parie-

tale ' being likewise present in many Lacertians, in the Dicyno-
donts, the Ichthyosaurs, and Labyrinthodonts.

The temporal fossse were large, and met upon the upper part of

the parietal, with the intervention of a sharp and high ridge. The
nasal bone was narrow, and transversely convex above. Other par-

ticulars of the cranial structure were specified.

Professor Owen further remarked, that, in a collection of fossils

from the Upper Greensand near Cambridge, now in the Woodwardian
Museum, and in another collection of fossils from the Greensand at

Kursk, Russia, submitted to the Professor's examination by their

discoverer, Colonel Kiprianoff, there were teeth of Polyptychodon,

with plesiosauroid vertebrae of the same proportional magnitude.

In the Cambridge series, one of these vertebra?, from the cervical

region, presented the flattened articular surfaces, and the single

transverse process for a simple-headed rib, on each side, closely

according with the plesiosauroid type. The length of this vertebra

was 4 inches 3 lines ; the breadth across the articular surface was
5 inches 3 lines ; the total breadth, including the transverse pro-

cesses, was 7 inches.





V.
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One of the vertebrae from Kursk, belonging to the dorsal region,

showing the two venous foramina at the under surface, with other

plesiosauroid characters, measured 4 inches in length, and 5 inches

4 lines across the flat articular surface. No other teeth from the

Russian Greensand agreed in proportionate size with these vertebrae,

save those of Polyptychodon. Portions of large limb-bones, without

medullary cavity and of plesiosauroid shape, from the Greensand
beds of Cambridgeshire and Russia, were also believed by Professor

Owen to belong to the Polyptychodon ; and he was now led to refer

to the same genus the large Plesiosauroid paddle, from the Chalk of

Kent, the phalanges of which were figured in his ' History of British

Fossil Reptiles,' Part v. pi. 30, and in the ' Monograph on the Fossil

Reptilia of the Cretaceous Formations ' (Palseont. Soc), pi. 17. Thus
the evidence at present obtained respecting the huge but hitherto

problematical carnivorous Saurian of the Cretaceous period, seemed
to prove it to be a marine one—the rival and contemporary of the

equally huge Maestricht lizard. But whilst the Mosasanrus, by its

vertebral, palatal, and dental characters, seemed to foreshadow the

saurian type to follow, the Polyptychodon adhered more closely to

the prevailing type of the sea-lizards of the great geological epoch

then drawing to its close.

Professor Owen also exhibited drawings showing the mode and
degree of use or abrasion to which the teeth of Polyptychodon had
been subject.

One of these teeth, in the collection of W. Harris, Esq., F.G.S.,

from a chalky deposit with greenish granules, in a tunnel of the

railway near Frome, Somerset, showed the apical half of the crown
smoothly worn away, and presenting a flattened surface continued

obliquely a little way upon one side of the crown.

Another tooth, from the Cambridge Greensand, measuring 1
-J-
inch

across the base, showed, with abrasion of a great part of the crown,

a smooth, slightly concave channel extending from the crown to the

fang, and apparently formed by the gnashing action of an opposite

large tooth.

2. On the Discover/) of some Fossil. Rkmains mar Baiiia in Soi'Tll

America. By S. Allport, Esq.

[Communicated by John Morris, Esq., F.G.S.]

[Plates XIV.-XVII.l

On referring to a map of Bahia, it will be seen that a line of hills

runs from the Point of St. Antonio in a north-easterly direct ion.

They form for some distance steep rocky cliffs, skirting the Bay. and
continue in the same direction for several miles. They also form

the seaward exposed edge of an elevated range of country, and
present a steep slope to the X.W. ; and are everywhere covered \>y

red loam or sand, except where exposed to the action of the sea.

The.se are gneissose rocks, usually exhibiting distinct lines of strati-
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fication or foliation, but not unfrequently passing into amorphous
masses (see Map, fig. 1).

Fig. 1.

—

Sketch-map of a part of the vicinity of Bahia.

The direction of the general line of upheaval clearly coincides with
that of the above range of hills, being N.E. and S.W. ; the dip of

the gneiss, where it can be well made out, being always to the N.W.
In Itapagipe Bay, near Cabrito, there is a white sandstone, inter-

stratified with shale, the dip of which is also to the N.W. It forms

a low hill, running nearly parallel with the gneiss bills, at a distance

from the latter of three or four hundred yards in the direction of

Fig. 2.

—

Section across the Gneiss Hills north of Bahia.

E. Cabrito. Plantaforma. W.

a b e

a. Gneiss, b. Sandstone and shale, c. Conglomerate, d. Fossiliferous shale.

the dip (fig. 2). No organic remains have yet been discovered here

;

but this deposit has not been carefully examined.

At a distance of about two miles from the gneissose range, and

running parallel with it, is the isolated hill of Montserrate (see

Map, fig. 1), which extends for nearly a mile in length, and ranges

in height from about 25 to 150 feet. The rocky cliff forming the
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S.W. point of the hill on which the fort of Montserrate is built

presents to view several alternations of conglomerate, sandstone, and
shale (see Section, fig. 3). Towards the N.E., these beds pass into

Fig. 3.

—

Section of the Cliff at Montserrate. (The detached Section

is about 25 yards eastward of the Fort.)
W. E.

Fort Jlontserrate.

a. Conglomerate. b. Sandstone. c. Sandy shale, with fossils.

a gritty shale, of a bluish-grey colour, and full of pebbles ; the latter

gradually disappear, and the upper strata, as far as the seaward
exposed portion extends, consists of beds of shale, alternating with
bands of sandstone, both of which contain the same species of fossil

shells. The entire series of these deposits are covered with the
usual red loam, and have the general inclination to the X.W.

The seaward exposed portion of the cliff of Montserrate, about
30 feet in height, consists chiefly of conglomerate, with irregular

wedge-shaped bands of shale and clay, and also bands of sandstone.

The conglomerate is composed of more or less rounded pebbles of

gneiss, granite, quartz, and other crystalline rocks, and occasionally

of sandstone ; the whole forming an extremely hard rock. The
pebbles vary in size from the finest gravel to large boulders.

In the shale near the base of the cliff were found the fossils about
to be noticed (see Plates XIV. XVI. <fe XVII.), consisting chiefly of

scales and other portions of Fish, bones and teeth of Saurians,

together with Lignite, a few Mollusca, and some Entomostraca.

Two miles from the above hill, in a N.E. direction, is the Planta-
forma (see fig. 1 and fig. 2), another hill of the same formation, but
loftier; the conglomerates and shales have here the same lithological

character, and in the latter are found several fossils (Plate XV.)
similar to those found at Montserrate.

The geological position of the above formations is undetermined,

as they have not been traced in connexion with other deposits ; but

a probable inference may perhaps he made from an examination of

the fossil remains.

Notes on the Fossi us from Paiii a.

With regard to the Fish-remains, Sir P. F.gcrton, Part.. K.(i.S., to

whom the specimens have been submitted, states that 44 the scales

are those of /,< />i</nt»s. The species appears to he a new one. The
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nearest approach, to it is an undescribed species from the Litho-

graphic stone of Pappenheim."
Numerous fish-bones were found associated with the scales ; and

probably the greater portion belong to Lepidotus also. But these

and the Crocodilian teeth and bones, which are also common in these

clays from Montserrate and Plantaforma, have not yet been system-

atically examined.

Professor Owen, on a cursory view of the large vertebra figured

in PI. XVII., suggested that it would prove to be a dorsal vertebra

of a Dinosaurian Keptile allied to the Megcdosaurus.

Note on the Molltjscan Kemains from Montserrate.
By John Morris, F.G.S.

The fossil shells, from the greenish sandy clay, from Montserrate

are—A cast of a bivalve (1 in. by 1-^ia.) apparently belonging to

the genus Unio ; a smooth-shelled Neritina (rare) ; numerous small

Paludince; and several specimens of a larger Paludina, having a

smooth shell, subumbilicate, and showing four ventricose whorls,

deeply sutured ; also several individuals of an apparently new species

of Melania, which may be defined as follows :

—

Melania terebriformis, spec. nov. PI. XIV. figs. 3 a, 3 b, 3 c.

Shell subulate, consisting of 7-8 flattened whorls, marked with

numerous oblique, somewhat prominent, rounded ribs, which are in

some specimens stronger towards the anterior part of the shell. In
some individuals the posterior part of each whorl is slightly raised,

making the suture more distinct. The last whorl is somewhat con-

stricted. The aperture is ovate. The lip of the columella is some-
what thickened and reflexed.

Fig. 3 c is a smooth variety, with a less cylindrical shell.

Note on the Fossil Entomostraca from Montserrate.

By T. PoTPERT Jones, Esq., F.G.S.

About seven or eight specimens only of Entomostracan valves,

not well preserved, are to be seen on the fragments of green clay,

containing small Paludince, from Montserrate, submitted to examina-

tion. The hinges of the valves are not exposed ; and other import-

ant features are obscure. The following appear to be distinct forms,

as far as the shape of the carapace-valves can serve as means of

judging.

1. Cypris (?) conculcata, spec. nov. PI. XVI. figs. 13 a, 13 b, 13 c.

Carapace suboblong, slightly incurved on the dorsal and ventral

borders, rounded at the ends, narrowest behind
;

greatest convexity

of the sides at the posterior third. Surface of the valves smooth,

slightly margined (this, however, may possibly be due to pressure in

this specimen), and markedly pinched in at the middle of the dorsal

region, where there is a broad shallow sulcus with a slight swelling

before and another behind it.
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This somewhat reminds us both of Cypris gibba, Bamdohr*, and
of Cytherideis unicornis, Jonesf, in their young state before the

anterior and posterior tubercles of the dorsal furrow have been
developed into spines. Fig. 13 c is a smaller, smooth, oblong cara-

pace, probably the young of C. conculcata above described.

2. Candona Candida, Miiller, sp. PL XVI. fig. 14.

Cypris Candida, Miiller, Entom. p. 62, pi. 6. figs. 7-9 ; Gandona
lucens, Baird. Hist. Brit. Entom. p. 160, pi. 19. fig. 1 ; Candona
Candida, Jones, Monog. Test. Entom. p. 19, pi. 1. fig. 8.

Judging from the imperfect materials at command, it is not pos-
sible to separate this fossil Cyprid of Montserrate from Midler's

species above indicated.

3. Cypris (?) Montserratexsis, spec. nov. PL XVI. fig. 15.

Carapace having an outline somewhat like that of the blade of a
cheese-knife, strongly arched (nearly semicircular) on the back,

straight on the ventral border ; bluntly curved at one end, obliquely

curved at the other ; the greatest convexity of the sides is on the
medial third and ventrade.

In shape, this somewhat approaches Cypris compressa, Baird, and
C. Browniana, Jones.

4. Cypris (?) Aelportiana, spec. nov. PL XVI. fig. 16.

Carapace long and narrow, subcylindrical, arched on the back

;

extremities tapering, obtuse, one rather more acute than the other.

This has a form rare among the Cyprides, and, as a Cypris, com-
parable only with C. clavata, Baird. Amongst marine Entomostra-
cans we might more readily find resemblances as to outline ; as its

associates, however, were apparently fluviatile or lacustrine (or at

most of brackish-water habits), it is preferable to keep the Cypridal

relationship of this small unique specimen prominent.

The name of the discoverer of the freshwater deposits of Mont-
serrate and Plantaforma is associated with this species ; and it is to

be hoped that further research by himself or his friends will supply
us with more abundant materials.

5. Cypris (?). PL XVI. fig, 1 7.

This suboblong, slightly curved carapace has resemblances in its

shape to so many Cyprides and Candona', that, without the aid of

other distinctive characters, it woidd be vain to regard it as deter-

minable.

The generic relations of these Kntomostraca are doubtful, except

in the case of the Candnna Candida ; and here we are guided merely
by the shape of the carapace. Fig. 13, though having an analogue
among the Cypr'nhs, may be a Cythere or Cyt/n rid, is (such as often

* Jones, Monog. Test. Kntoni. p. l.">. pi. 1. fig. 3.

t Mem.Geol. Sun-. Gt. Brit. (Tort. Me of Wight ), I8.V.. p. I :»s. pi 7 tie*. 24 2(V
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live in brackish water). The others may be all Candonce, and of

freshwater habits.

It is to the recent and tertiary species that the above-described

Cypridce appear to be allied, as far as the foregoing observations are

concerned.

EXPLANATION OF PLATES XIV-XVII.

Plate XIV.
Fig. 1. Neritina.

2. Paludina.

3 a. Melania terebriformis, spec. nov. y Montserrate.

3 b. „ „ portion magnified.

3 c. „ „ another specimen (Smooth var.^

4. Jaw and teeth of a fish. Plantaforma.
5-8. Scales of Lepidotus, with radiate sculpture.

| ^ ^ ^
9-13. Smooth scales of Lepidotus. J

Plate XV.

Fig. 1 a, 1 b, 2, 3, 4. Scales of Lepidotus, with radiate sculpture.

5. Tooth of Crocodile, with coarse riblets.
Plantaforma.

Plate XVI.

Fig. la, lb, 2, 3, 5. Teeth of Crocodile, with delicately wrinkled

surface.

4, 6, 7, 8. Teeth of Crocodile, with strong continuous

strise and coarse riblets.

9. Sculptured bone of Crocodile.

10, 11, 12. Scales of Lepidotus, with granulate ornament.
(Figs. 11 & 12 show the smooth under side.)

13 a. Cypris (?) conculcata, spec. nov. Right valve.

136. ,, „ Back view.

13 c. „ „ Young. Right valve.

14. Candona Candida, Muller.

15. Cypris (?) Monteserratensis, spec. nov.

16. Cypris (?) Allportiana, spec. nov.

17. Cypris (V).

Montserrate.

Plate XVII.

Fig. 1, 2. Lateral views of a Dorsal Vertebra of a Dinosaurian 1

Reptile. (Half natural size.)
[

3. Outline of end view of the same. (Natural size.)

4. Outline of side view of the same. (Natural size.) J

Montserrate.

3. On a Terrestrial Mollusk, a Chilognathotts Myriapod, and
some New Species of Eeptiles, from the Coal-Formation o/Nova
Scotia. By J. W. Dawson, LL.D., F.G.S., Principal of M'Gill

College, Montreal.

On revisiting the Sonth Joggins in the past summer, principally with

the view of collecting material for the further prosecution of my re-

searches on the structure of coal, I was informed by Mr. Boggs, the

superintendent of the mine at that place, that a second erect tree

had been exposed by the wasting of the cliff, in the bed which had

afforded to Sir Charles Lyell and the writer in 1851 a fossil stump



1859.] DAWSON FOSSILS IN COAL. 269

containing the remains of Dendrerpeton Acadianurn and other ter-

restrial animals*. I at once proceeded to the place, and found, still

in situ in the ledge at the hase of the cliff, the lower part of an erect

trunk, about fifteen inches in diameter, and much more richly stored

with animal remains than that previously found. It was carefully

removed from the rock, and all the fragments containing fossils car-

ried off for examination. They contain numerous specimens of the

land-shell found in the tree previously discovered in this bed

;

several individuals of an articulated animal, which I believe to be

a Myriapod ; portions of two skeletons of Dendrerpeton, and of seven

small skeletons belonging to another Reptilian genus, and probably

to three species. I propose in the present paper to notice the mode
of occurrence of the remains in this curious repository, to describe

the invertebrate animals contained in it, and to state shortly the

characters of the new Reptilian species.

§ 1. Mode of occurrence of the Fossils.—The reptiliferous tree of

1851 had fallen from the cliff before it was examined ; and though,

by putting together the fragments, it was possible to form a pretty

correct idea of their original arrangement, this could not be ascer-

tained with positive certainty. In the present specimen, the arrange-

ment of the materials filling the cavity of the stump could be distinctly

observed, and corresponded perfectly with that inferred in 1851.

The trunk was enclosed, as usual, in a cylinder of carbonized bark,

and was indistinctly ribbed in the manner of Sig'dlaria. It was
rooted in arenaceous shale or fine argillaceous sandstone, immediately

over the six-inch coal in group No. XV. of my section of the South

Joggins coal-measures f; and had extended upward into the overlying

sandstone, but the upper part had been removed by the sea. The
bottom of the trunk was floored with a thin layer of carbonized bark.

On this rested a bed of fragments of mineral charcoal, about an inch

in thickness, being probably the fallen remains of the woody axis of

the tinnk. On microscopic examination, this mineral charcoal dis-

plays elongated wood-cells, some of them with the pores or discs in

several rows, as in many Sigillaroid trees. Imbedded in the upper
part of the layer of charcoal were a few reptilian bones ; and among
the charcoal was coiled np a Sternherr/ia-caxt, perhaps of the pith of

the tree. Above the charcoal, the trunk was occupied, to a height of

about six inches, with a hard, black, laminated material, consisting of

hue sand and carbonized vegetable matter cemented by carbonate of

lime. In this occurred the greater part of the animal remains, along

with many fragments of plants, principally leaves of N<nj<n rathia

(Poac&tes), Carpolites, and Calami tea, also many small pieces of mine-
ral charcoal, showing the structures of Lt jntfodendron. Stiijmaria,

and the leaf-stalks of Ferns. The upper part of this carbonaceous

mass alternated with Hue grey sandstone, which tilled the remainder

of the trunk as far as seen.

The animal remains must have been introduced at intervals, in the

earlier part of the tilling of the hollow stump, and the scattered

* Proc. Gcol. Sor. 1862, Quart. Jmirn. Geol. Boo. vol. ix. p. fi8.

t Quiirt. .Tonrn. Geol. Sue. vol. \. p. I'M.
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condition of the bones indicates that the soft parts had time to decay

before the specimens were buried by the addition of new layers of

vegetable matter and sediment. I account for these appearances, by
supposing that this tree, like other erect Sigillarice in this section,

became hollow by decay, after being more or less buried in sediment

;

but that, unlike most others, it remained hollow for some time in the

soil of a forest, receiving merely small quantities of earthy and ve-

getable matter, falling into it, or washed in by rains. While in this

condition it may have served as a place of shelter to the animals

found in it, or may have been too deep to permit their escape when
they fell in by accident. Possibly it was a place of residence for the

snails and myriapods, and a trap and tomb for the reptiles
;
though

the coprolitic matter in some of the layers would seem to indicate

that these last in some instances were able to subsist for a time in

this underground prison. The occurrence of so many skeletons,

with probably more than a hundred specimens of land-snails and
myriapods, in a cylinder only fifteen inches in diameter, proves that

these creatures were by no means rare hi the coal-forests, though

they have left so few indications of their presence in other beds.

The existence of vertical hollow stumps in such a condition that air-

breathing creatures could reside in or fall into them, implies that

the soils of the Sigillarian forests were not always so low and wet as

we are apt to imagine.

§ 2. Carboniferous Land-Snail—Pupa vetusta, n. s. (Figs. 1-3.)

An imperfect specimen of this shell, found in 1851, was described

by Sir C. Lyell, and its structure figured, in the Quart. Journ. Geol.

Soc. vol. ix. pi. 4. The numerous specimens which I now possess

enable me to present a complete restoration of its form, and to state

that it falls within the limits of the genus Pupa. It may be described

as follows :

—

Cylindrical, but tapering towards the apex ; surface shining, mi-

nutely marked with longitudinal rounded ridges ; whorls eight or

nine, rounded, width of each whorl about half the diameter of the

shell
;
aperture rather longer than broad ; outer lip regularly rounded

and reflected at the margin
;

pillar-lip straightish above, rounded

below. Edentulous
;
length ^-ths of an inch, or a little more.

I obtained in all about fifty specimens more or less complete of

this shell from the interior of this trunk, and many others must re-

main concealed in the matrix. There were also numerous frag-

ments of shells that had been broken and partially decomposed, as if

this hollow stump had long served as a harbour for land-snails. It

is very probable that they formed a part of the food of their reptilian

associates, and some may have been introduced by them. I have

found in the stomach of a specimen of Menobranchus lateralis not

six inches in length, as many as eleven unbroken shells of Physa

heterostroplia. The coal-reptiles and batrachians may have devoured

their contemporary pulmonates in similar quantity.

Where so many examples of one species of pulmoniferous mollusk
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occurred, I was disappointed in finding no indications of any other.

Two specimens of a minute discoidal shell, which I at first .supposed

to be molluscous, proved to be merely examples of the little Spiror~

bis so common in the coal-measures of the Joggins. These may
have formed part of the food of the smaller reptiles, or may have
been drifted in, attached to the vegetable fragments. In neither

case woidd the occurrence of these shells imply access of salt water
to the deposit ; as I have good evidence from other parts of the sec-

tion that this little shell, though apparently a Spirorhis, and allied

to, if not identical with, the Spirorbis or Microconchus carbonarius

of the British coal-measures, was not an inhabitant of the sea, but

rather of fresh and brackish water.

Pigs. 1-3.—Pupa vetusta from the Coal-measures of Nova Scotia.

Fig. 1.

Fig. 1. Magnified specimen. The natural size is indicated hy the vertical line

at the sido. 2. Ridges, magnified. .'?. Apex, magnified.

§ 3. Carboniferous Mi/riapotl—Xi/lnbius 8ii/ilhirin; n.g. et -<p.

(Figs. 4^9.)

I propose the above name for tin articulated worm-like animal. of

which numerous flattened specimens were found associated with the

Pupa vetusta. I was at first disposed to regard it as the larva of a

VOL. XVI. PART I. I
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coleopterous insect ; but a careful microscopic examination of the

specimens convinces me that it is a chilognathous Myriapod, allied

to lulus. It may be described as follows :

—

Body crustaceous, elongate, articulate, when recent cylindrical

or nearly so, rolling spirally. Feet small, numerous
;

segments

30 or more ; anterior segments smooth, posterior with transverse

wrinkles, giving a furrowed appearance. In some specimens traces

of a series of lateral pores or stigmata. Labrum ? quadrilateral,

divided by notches or joints into three portions. Mandibles two-
jointed, last joint ovate and pointed. Eyes ten or more on each

side.

I have endeavoured, in figs. 4-9, to represent these characters

as they appear in several specimens. They leave no room to doubt

Figs. 4-9.—Xylobius Sigillariae from the Coal-measures of Nova
Scotia.

Kg. 5.

Fig. 4. Specimen of the natural size. 5. The head, magnified ;
showing the

eyes. 6. The labrum (?), magnified. 7. The mandible (?), magnified.

8. The anterior part of the body, magnified
;
showing the lateral pores.

9. The posterior part of the body, magnified
;
showing the longitudinal

ridges.

the afiinities of the creature ; but I have not the means of comparison

with the various genera into which the Chilognatha have been di-

vided by some modern authors. For this reason, in the hope that

some one who has made these animals a special subject of study will

institute such comparison, I send several of my best specimens with

this paper.

The Xylobius Sigillarice must have burrowed among the vegetable
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matter in the interior of the trunk in which it was found ; and the

specimens were probably crushed and buried by the sand with which
it subsequently became filled. The occurrence of such a creature is

another evidence of the similarity of the conditions of the areas of

coal-accumulation to those of modern forests. The oldest Myriapod
previously known is, I believe, the Geophilus proavus, Miinster, of

the Jurassic period *.

§ 4. Reptilian Remains.

The number of specimens entombed in this singular repository is

so great, and the bones so much scattered, that it will require much
skill and care to work out all their relations. In the mean time I

desire merely to describe and figure such parts as may serve distinctly

to characterize the several species f.

The Dendrerpeton Acadianum is represented by portions of two
skeletons, belonging to individuals of different sizes. In addition

to the parts formerly described by Professors Wyman and Owen, my
specimens exhibit the greater part of the cranial bones, perfect

examples of the lower jaws and teeth, vertebrae, ribs, and phalanges.

"We learn from these that the whole surface of the cranium and jaws
was strongly sculptured. There appears to have been a double occi-

pital condyle. The orbits were very large. The teeth were in two
series ; the outer were simple, conical, and either straight or curved,

Figs. 10-13.—Dendrerpeton Acadianum from the Coal-measures of
Nova Scotia.

Fig. 11. Fig. 10. Fig. 12.

Fig. 10. Interior teeth, magn. l.'xliam. II. Exterior tooth, magn. L5 (limn.

12. Exterior teeth of a smaller specimen, magn. l.'idiain. 1.'!. A wale,

magnified ; the vertieal line shows the real length of the specimen.

the inner larger and furrowed longitudinally by the corrugated plate-;

of dentine (tigs. 10-13). There arc also indications of a group of

* Pietet, Paleontologie, vol. ii. p. 405.

t Besides the figures given in the woodcuts, the author has sent several drawings

of Reptilian remains, very carefully executed by Mr. II. S. Smith, Artist to the

GmmuIUUI Geological Survc\.

x 2
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teeth on the vomer. The centres of the vertebrae are ossified, but
biconcave, and the spinal processes large and flattened. The ribs

are short in proportion to the size of the animal. The bones of the

limbs are short and stout. The body was covered with broad and
thin scales, the usual form and sculpturing of which I have endea^

voured to represent in fig. 13. These structures are evidently much
in advance of those of Archegosaurus and other genera included in

the Order Ganocepliala of Owen, and indicate affinities rather with

the Labyrintliodontia. The bones of the legs and feet also, though
scattered and only in part observed, indicate adaptation for walking
rather than swimming.

The other reptilian remains represent three species belonging to

a generic form which, so far as I am aware, has not been previ-

ously observed, and for which, in allusion to its forest habitat, I

propose the above name. As its typical species I sball describe that

of which some remains are represented in figs. 14-18, and which I

Figs. 14-18.—Hylonomus Lyellii from the Goal-measures of Nova
Scotia.

Fig. 14. Teeth, magn. 15 diam. 15, 16, 17. Scales, magnified; the vertical line

shows the real length. 18. Phalanges, magnified ; nat. length shown by
the straight line.

would name Hylonomus Lyelli. Its cranial bones are thin and
smooth ; the condyle I have not been able to observe, but there is a
parietal foramen, and the parietal bones are arched in such a manner
as to indicate a rounded rather than flattened skull, and a somewhat
capacious brain-case. Its teeth are numerous (about 26 in each
maxillary bone), elongated, conical, closely set in a single series, in a
furrow protected externally by an elevated alveolar ridge. In the
intermaxillaries and extremities of the mandibles the teeth are larger

than elsewhere. Fig. 14 represents a portion of the teeth of the
maxillary bone as exposed by the fracture of the outer ridge. The
vertebrae are imperfectly preserved, but appear to have been ossified,

biconcave, and with well- developed spinous processes. The ribs are

Hylonomus, gen. nov.

Fig. 14. Fig. 18.
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long and curved ; and there are traces of numerous accessory pieces

which have been attached to their extremities. Only one sacral ver-

tebra can be made out, and it has broad lateral apophyses. The pelvis

is of large size and remarkable form ; the ilium long and expanded

below, the ischium greatly expanded ; the pubis expanded and tri-

angular where it joins the ischium, and round and arched toward the

symphysis. The femur is thick and nearly straight, the tibia short

and stout, the fibula slender, the phalanges broad. The hind limb

thus largely developed must have been capable of supporting the

whole weight of the body in standing or leaping. The anterior

extremities appear to have been comparatively slender, with thin and

long fingers. A few scattered vertebrae lying posteriorly to the

pelvis may, perhaps, be remains of a tail. There was a dermal

covering of small ovate bony scales, of which, however, only a few
scattered specimens remain (figs. 15, 16).

This species is evidently quite remote from the ganocephalous and

labyrinthodont types of Batrachians, and in many respects approaches

to Lacertians. It may perhaps be allied to the Telerpeton of Elgin,

but does not appear to resemble any reptile hitherto found in the

coal-formation. Three skeletons of this species appear to have been

entombed in the erect Sigillaria in question. The most perfect of

Figs. 19-23.—Hylonomus aciedcntatus front the Coal-measures of
Nova Scotia.

Fig. 23.

Fig. 19. Teeth, magn. lf> diam. L'O. Inner tooth, magn. 1T> diani. 1.M, •_'L
>

. Scales,

mafmificd. L'."5. Phalanges, magnified. The nat. length is shown by the

straight line.

these is that represented in Mr. II. S. Smith's drawing, tig. '.i, l'l. III.*

The fragment of a jaw in tig. 14 is from a second ; and u number of

* Not engraved.
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the bones of a third are contained in a specimen which I have sent

with this paper, for presentation to the museum of the Society.

A second species is represented by scattered bones belonging to

two individuals. In general form and structure it must have resem-
bled that above described, but it was twice as large, and its teeth are

much more numerous (about 80 in each jaw), and they are flattened

and expanded toward their summits (fig. 19). It is also possible

that there was a second series implanted on the palate or pharynx,

as I have found a few teeth of the form represented in fig. 22,

cylindrical, with blunt striated summits. These do not resemble

any of the teeth of Dendrerpeton, and are more likely to have be-

longed to this than to either of the other species of Hylonomus.
There is also a bone which seems to be a sphenoid, having on its

anterior part a number of conical tubercles that seem to have sup-

ported slender teeth. A foot of one individual is well preserved, and
with some other characteristic bones is represented in fig. 1, PI. III.*

A magnified view of one of the toes is given in fig. 23. The dermal
scales of this species are similar to those of that last described, but
are a little larger (figs. 20, 21). I propose for this species the name
of Hylonomus aciedentatus.

A third species, much smaller than either of the former, is repre-

sented by bones belonging to at least two individuals.
.
Its teeth

number about 22 in the lower jaw, alternately large and small,

conical but obtuse (fig. 24). Its vertebrae are elongated, and the

Figs. 24-26.—Hylonomus Wymani from the Coal-measures of
Nova Scotia.

Fig. 24. Kg. 25. Fig. 26.

Fig. 24. Teeth, magn. 15 diain. Figs. 25, 26. Scales. The nat. size is shown
by the vertical line.

conical cavities at their ends coalesce in the middle of each vertebra,

the centrum having thus been cartilaginous in its interior. In one

series of these vertebrae, there are as many as 26 joints. Only
traces of ribs are seen

;
they seem to have been long, but very slender.

The feet of one individual are well preserved, and have four toes.

Its scales are like those of the other species, but very small and thin

(figs. 25, 26). The small vertebras found by Prof. Wyman in the

contents of the former reptiliferous tree, and described in the paper

above cited, must have belonged to this species. For this reason I

propose for it the name of Hylonomus Wymani. I hope ere long to

be able to place the whole collection in the hands of that able com-
parative anatomist, that the farther details of their structure and

affinities may be more fully worked out.

* Not engraved.
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A very interesting portion of this collection is a quantity of car-

bonized skin, which must have belonged to one of these reptiles, pro-

bably to the last-mentioned species. It is smooth and shining, and

in part still contains the imbricated bony scales, which it covers as

in modern lizards, projecting a little beyond their edges. In one

place, probably at the occiput or shoulders, it contains a transverse

row of broad, striated bony plates, behind which are some projecting

bony tubercles. This part of the skin, which is as perfect as if taken

from a recent specimen, is represented in fig. 13, PI. II.* Other por-

tions of it appear scaleless, with minute pores or punctures ; and
attached to it are a number of pointed lobes or processes covered

with minute ovate scales, each having a puncture in the centre.

These must have been large and ornate cutaneous appendages,

similar to those on the back and gular pouch of the Iguanas, unless

they were swimming-lobes like those on the tail of the Crocodiles,

or, which seems less likely, branchial processes like those of some
perennibranchiate Batrachians.

Besides the more perfect bones above referred to, there are some
small patches of broken bones, probably of Hylonomus Wymani,
which have the appearance of being coprolitic ; but in the distinct

masses of coprolite, I have seen no distinguishable remains except

those of Xylobius, or some similar Articulate.

I may perhaps be permitted to add to this paper a notice of a

remarkable tooth found several years since by Sir W. E. Logan in

Figs. 27-29.

—

Batrachiaa (?) Tooth from the Coal-measures of Nova
Scotia. (In the Collection of Sir W. E. Logan.)

Fig. 27. The tootli of the natural size. Fig. 28. Cross section, nat. size.

Fig. 2!t. Fart of the cross section, magnified.

one of the bituminous limestones of the Joggins. and which may
indicate the existence there of another labyrinthodoilt reptile of

large size, though it is also possible that it may have belonged to a

sauroid tish. It is represented of the natural size in tig. 27, and the

structure of its dentine, which is beautifully preserved, in hi;. 2!».

It has been broken, both at the base and at the summit, before it

was enclosed in the rock.

* Not engraved. The tul>crcles mentioned above are not represented in (lie

figure. They occur almost immediately in front of the large scales, and resemble
the shorter bony tubercles of some species of Phrynosoma.
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4. On the Occurrence of Footsteps of Cheirotherium in the Upper
Keeper in Warwickshire.

By the Eev. P. B. Brodie, M.A., F.G.S.

The occurrence of certain footprints of supposed Labyrinthodont

animals in the Upper Keuper in the neighbourhood of Warwick has

been long known ; and they generally consist of a series of small

casts and impressions, chiefly the former, over a considerable extent

of surface ; but no larger footsteps have been before noticed in the

district. These were obtained from Skrewley and Bowington, where
the Keuper contains also remains of Fish and Plants, though not

exactly in the same bed affording the footmarks.

The specimen to which I now wish to draw the Society's atten-

tion was met with in a ploughed field, lying loose on the surface,

having been evidently turned up by the plough, of which it bears

the marks, in an extension of the same sandstone at Witley Green
near Preston Bagot, about a mile from Henley in Arden, where it

occupies high and undulating ground, the surface of which has been
much denuded. The district is traversed by a N. and S. line of fault.

(See Geol. Survey Map, sheet 54 N.E.) The sandstone crops out in a

lane adjacent, and might easily be quarried ; but I searched in vain for

any other large slabs likely to contain any footprints, although no
doubt they might be discovered along the same horizon if the stratum

containing them were worked. The specimen (of which I have sent

a reduced photograph) consists of two casts in relief on the under
surface of a slab of sandstone, 1 foot long aud 9 inches broad, of the

' large hind and the smaller fore foot. The breadth of the hind foot,

from the thumb to the fourth toe, is 4^- inches ; the extreme length,

from the second toe (the longest) to the heel, is 4 inches. The cast

of the front foot is very indistinct and lies in advance, in close juxta-

position to the hind foot. It measures about 2 inches across ; and
the length, as far as an approximation can be made, is about 1|
inch. As the sandstone of Cheshire, so well known for its fine and
numerous impressions of Cheirotherium, belongs to the upper part of

the New Bed series, it may be concluded that it is of the same age as

the Upper Keuper of Warwickshire ; which conclusion is strengthened

by the presence of the Cheirotherium, although this is the first indica-

tion of any large footprints of animals which have been called by
this name in the latter county.

The specimen above referred to is now deposited in the Warwick
Museum, which contains the finest collection of fossils from the New
Bed Sandstone (Upper and Lower Keuper) in the kingdom.
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January 4, 1860.

Stephen Harlowe Harlowe, Esq., 2 North Bank, St. John's Wood
;

The Rev. S. W. King, Saxlingham Rectory, near Norwich ; and
David Llewellin, Esq., C.E., Glyn Neath, Glamorganshire, were
elected Fellows.

The following communications were read :

—

1. On the Flora of the Silurian, Devonian, and Lower Carboni-
ferous Formations. By Prof. H. R. Goeppert, For. M.G.S.

(In a letter to Sir Koderick Murchison, F.E.S., F.G.S., dated Breslau,

Oct. 31, 1859.)

While thanking you for your valuable work ' Siluria,' which you
have had the kindness to send me, I have the honour of announcing
to you that I have completed my work on the ' Flora of the Silu-

rian, Devonian, and Lower Carboniferous Formations.' It is already

printed, and will be published at the expense of the Imperial
Academy of Naturalists at Jena, accompanied by twelve lithographic

and photographic plates*.

The number of all the fossil plants in the said formations amounts
to 185 species. They are distributed («) according to the orders or

natural families, thus :

—

Algae

Calamine®
Asterophylliteae . . .

Filices

Selagincae

Cladoxyleae

Noeggerathieae ,

Sigillarieae

Coniferae

Fruits (incertac sedis)

( b ) According to the different

I. Silurian t

1. Lower Silurian formation 17 species.

2. Upper Silurian formation 3 „

These all belong to the AUja>. 20 „

II. I), Ionian Formation (Murchison).

I. Lower Devonian 6 spocies.

Five of these lielong to the Af;/<i ; one to terrestrial plants

—

Si'/il

* See Nova Acta Acad. Omar, Lc<>|>.-Carol. Germanic. Nat. Curios, vol. xxvii

]>l>. 425, &o.

—

Ed.

30 species.

20 „
4 „
65 „
40 „
4 „
8 „
6 „
6 „
2 „

I si

)rmations.

motion ( Murchison).
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laria Hausmanni, Goepp., found by M. Hausmann in 1807 (Reise

in Scandinavien, vol. v. ;
Rjerulf, Geolog. der siidlichen Norwegens,

p. 87) near Idre and Sarne. It is perhaps the most interesting plant

of the whole work.

2. Middle Devonian 1 species.

One terrestrial plant, Sagenaria Weltheimiana, from the schist of

Hamilton County, New York ; but you and M. Verneuil consider

that these beds belong to the Upper Devonian formation, in which,

in Silesia, Thuringia, Ireland, and in the so-called Chemung ? and

Catskill formations of the State of New York, a much larger number
of terrestrial plants has been found, amongst which this species of

Sagenaria also occurs.

3. Upper Devonian 57 species.

This formation contains fifty-seven species, of which seven belong

to the Algce ; the others are terrestrial, and belong to the families

which are found up to the close of the Palaeozoic period, viz. the

Ferns, Calamines, Equisetaceai, Lepidodendrece, Lycopodiacem, Sigil-

lariece, Coniferee, and Noeggerathiece. The Devonian flora comes in

here with four species, the " Culm" flora with the same number,

and the flora of the " youngest grauwacke " (Murchison) with seven

species.

III. Carboniferous Formation.

Here we must distinguish a lower and an upper Carboniferous

formation, the floras of which are different.

1. Lower Carboniferous 108 species.

In regard to the flora, this is very different from the Upper Car-
boniferous formation. It contains the flora of the Mountain-lime-

stone (Bergkalk or Kohlenkalk), the flora of the " Culm," and of the
" youngest grauwacke " (Murchison).

a. The flora of the Mountain-limestone or Kohlenkalk contains

forty-seven species—one Alga and forty-six terrestrial plants, which
belong to the same families as occur in the Upper Devonian for-

mation.

b. The flora of the "Culm" (Kulmgrauwacke, inclusive of the

Posidonomyenschiefer) contains twenty-three species, of which four

belong also to the flora of the " youngest grauwacke." Only one

marine plant occurs ; the others are terrestrial.

c. The flora of the Grauwacke ("youngest grauwacke" of Mur-
chison) contains fifty-one species (all terrestrial), of which only seven

have been found in the Upper Carboniferous formation* . One single

species, Neuropteris LosJiii, has been found in the Mountain-lime-

* Professor Goeppert (in Nova Acta, loc. cit.) gives 814 as the number of

vegetable species known to him in the Upper Carboniferous formation, and 182
for those of the Permian, making altogether 1181 Palaeozoic species of plants.

—Ed.



I860.] SPRATT BESSARABIA, ETC. 281

stone, Culm, Grauwacke, Upper Carboniferous formation, and the

Permian formation (Murchison).

Observe :

—

(a.) All these portions of the flora of the Lower Carbo-

niferous formation have a very great affinity with each other, and all

contain three remarkable species (Calamites transitionis, C. Hcertieri,

and Sagenaria Weltheimiana \_Knorria imbricata]), which truly de-

serve to be called " Leitpflanzen " (characteristic plants).

(b.) The genus Knorria, Sternb., ought no longer to exist. It is

only a form of the genus Sagenaria or Lepidodendron, and the most
common species, Knorria imbricata, belongs to Sagenaria Weltheim-

iana.

(c.) Siigmaria ficoides is in reality a rhizoma of Sigillaria. I

possess a great number of different degrees of development of this

remarkable plant, which ought to be figured and published, but at

present I do not know whence they have come.

Some time ago I had the honour of sending you a memoir en-

titled " Die angeblich in der Grauwacke vorhandenen Kohlenlager,"

&c. (" The Coal-deposits supposed to exist in the Grauwacke "), in

which I announced the locality whence I had obtained specimens of

Pterygotus Anglicus with the Graptolites, the first found in Germany.
I have to request that you will have the kindness to communicate

all these observations to the Geological Society, of which I have the

honour to be a Foreign Member.

2. On the Freshwater Deposits of Bessarabia, Moldavia, Wal-
LAcniA, and Bulgaria. By Captain T. Spratt, R.N., C.B., F.Il.S.,

F.G.S.

In some brief papers recently published in the Society's Journal*,

I have drawn the attention of geologists to the freshwater deposits

which so extensively form the margin of the Grecian Archipelago
and the Sea of Marmora.

I have also stated, that they seem to mo to be connected with
similar freshwater deposits which 1 have described as existing in the

southern part of the Dobrutchat. between Baljik and Kustcnjeh ;

and with others bordering different parts of the Black Sea. such as

tlmse noticed by Hamilton in the valley of the llalvs near Sinope :

and by I'allas, De Hell, and others at Kertch, Taganrok. and Odessa.

All these give fragmentary indications of a great Oriental Lake having
extended over the area of the Grecian Archipelago, the Black Sea,

and Sea of Azof.

From recent observations made whilst employed within the Delta

of the Danube and the adjacent lakes, I am enabled to state that

large portions of the southern parts of Bessarabia, Moldavia, and

* Qunrl. .Tourn. Ocol. So<\ vol. xiv. p. lil'J.

t Ibid. vol. xiii. p. 77 ; und vol. xiv. p. 208.
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WaUachia, reaching apparently to the foot of the Carpathian moun-
tains, are composed of lacustrine deposits, purely of freshwater

origin ;
although, from their containing a peculiar striated bivalve

like a Cardium, and from the mistaking of a large fossil Dreissena

for a Mytilus, by some early travellers, some portions of these de-

posits have been considered to be indicative of brackish water

conditions ; there having thus been an apparent admixture of marine

with the freshwater shells of these strata.

Although I thought there was an error regarding the so-called

Mytilus, since I had seen the large-sized Dreissena, much resembling

a Mytilus, in the gravel or drift-deposits of Gallipoli and Bodosto, I

had for a long time no means of solving the doubtful point either

in its case or in that of its associate, the apparently marine Cardium ;

for, notwithstanding many dredgings made in different parts of the

Black Sea during the late war, I never could discover either of these

bivalves, or their representatives, Hving in its water, although a true

Mytilus is the most common Hving shell in the Black Sea.

When carrying out my researches on the shores of the Danube,
however, I observed numerous valves of a shell resembling this

apparently marine Cardium, cast up together with marine and fresh-

water shells, near every embouchure of the river; and, notwith-

standing that my research was renewed on this account, no living

specimen could be obtained from the brackish waters of the adjacent

parts of the Black Sea. The conclusion to which I then came, in

consequence, was that the loose valves must either be fossils, and
had been carried out by the Danube from some of the deposits

bordering it, or that they were living either in some brackish lagoon

within the Delta, or in the river itself.

The survey of the lakes of Kattabug and Yalpuk following soon

after, I then discovered that these shells were abundant within

them; the mollusc to which they belong Hving there as a reaUy

freshwater bivalve in depths of 5 and 6 feet and more ; and I then

saw that the animal differed from the true marine Cardium in having

two elongated siphons.

It was thus rendered more probable that the Cardium-like sheU

in question is truly a freshwater bivalve, which had existed in, and

descended from, the great Oriental Lake period
;
probably, however,

with some slight modification of character, since it seems to me to

be nearly identical with one of the so-caUed Cardiums found in the

Kertch deposits ; and with the one in the gravel at GalHpoH in the

DardaneUes, where it is associated with the Mytilus polymorphus of

some authors, the Dreissena of modern conchologists.

It is important to make these preliminary remarks whilst contem-

plating the freshwater deposits of the southern parts of Moldavia

and Bessarabia, and of the Dobrutcha, in which apparently the same

bivalve is abundantly found, in order to remove the impression which

might exist, of its being a Cardium that has by a gradual transition

from a marine to a brackish, and finaUy to a freshwater medium, be-

come habituated to the latter as its natural element. From my own
observations I am inclined to view it as being originally a purely
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freshwater creation, as much as the Unio or the Dreissena, its present

associates. But this is a point for the naturalist to determine
; my

superficial views and acquirements merely permitting me, and with all

deference, thus to state my opinions, which are the grounds for the

conclusions arrived at in the following detailed description of the

deposits bordering the Danube, and which I hence regard as of a

purely freshwater, and not of a brackish water origin. And I may
Be permitted, perhaps, to plead for indulgence relative to any error I

may have committed on this head, from not having it in my power
to refer to works of modern geologists bearing upon it, more especially

of Professor Abich, who may have already published a similar con-

clusion from researches in other localities prior to, or subsequent to,

mine made in 1856 and 1857 at the Danube.

The southern bounds of the Danubian Valley below "Widdin is

remarkable for rather abrupt and high land ; whilst on the north, the

Wallachian, Moldavian, and Bessarabian area rises in such a gentlo

slope, that it appears to the eye, in many parts, a dead level for

miles, constituting the Steppe. But nevertheless, it is found to be

slightly undulating, and to increase in elevation as we recede from
the Danube. It is also traversed by several well-marked, although

shallow, valleys, which near the sea-coast, or the Delta of the

Danube, terminate in long brackish lagoons, or freshwater lakes,

bordered by old sea-cliffs, or steep embankments, which exhibit some
sections of the strata constituting the " Steppe-deposits."

These deposits seem to be divisible into three distinct series

;

although in reality there may be only two,—namely, 1st, a lower

group of marly strata, whitish, grey, and brown, with indurated

layers of sandstone and marl. 2nd. A middle group of softer marls,

with fossils differing, for the most part, from those in the former, and
in general more closely resembling the shells living in the existing

lakes. It is possible, however, that these two series are not distinct

in geological time, or unconformable. They may be more developed

towards the extremity and lower parts of the Steppe than in the

upper portion, where they may have formerly existed, but have been
since denuded, having had a greater elevation, and consequently

been subjected more readily to the violent degrading effects of some
subsequent disturbance in the condition and limits of the old lake,

whereby the group No. 3 was originated. This is probably a drill -

series. Its deposits are apparently more earthy than thoso of Nos.

1 and 2, and contain in their lower part some bands of drifted fossils,

which seem to have been gathered together by their gravity at the

cessation of the troubled condition that produced the drift, and
denuded the older lake-deposits. This drift, or deposit formed
between the lacustrine and the present period, tilling the hollows in

the denuded surface over a wide extent of the lacustrine area, has

given its smooth and level character to the Steppe.

It is not clear to nie that the apparently troubled and turhid

waters depositing this drift were as purely fresh as the waters of the

lake at earlier periods : for there are certain facts which lead to the
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inference that these deposits are impregnated with salts, either of

mineral or marine origin :—such as the uncertainty of obtaining

drinkable water from wells sunk in many parts of the Steppe ; also

the growth, in some localities, of certain saline plants from which an
alkali is obtained ; the fact also that only certain trees will flourish

on that part of the Steppe where the earthy marls of the drift

alone form the surface. Several mineral-springs also, of consider-

able medical repute, I believe, are known to exist in the Princi-

palities.

This saline property may, however, not be due to purely marine
salts, but to some mineral solutions that were set free from volcanic

or other subterranean sources during the final destruction of the

great Oriental Lake, the existence of which is identified by groups

No. 1 and No. 2. The existence of this old lake, therefore, may be

said to be traceable to a period immediately before the present Black

and Caspian Seas changed from fresh to salt.

This superficial drift, indicating the presence of saline matters,

may indeed be the result of depositions that occurred during that

transition-period, and thus may indicate that during that event there

was a sudden admixture of a large body of sea-water with the lake,

which probably, I think, rapidly subsided to the level of the Medi-
terranean, being now brought into connexion with it by the opening

of the Bosphorus, brought about by the general volcanic disturbance

that apparently then took place. For great upheavals must have

occurred about this period, as shown at Baljik by the high elevation

at which the corresponding freshwater deposits and relics of the drift

are now found, namely, about 600 feet above the sea. From this

height they gradually incline towards the valley of the Danube, or

rather towards the north,—just as the Bessarabian deposits gradually

incline towards the south. But the lake may probably at the latter

period of its existence have stood at a much higher level than the

present sea, as conjectured in former papers.

If this be the true explanation in respect to the origin of the

superficial deposits or drift, then the body of sea-water thus suddenly

thrown into the lake must have come from the north, by the up-

rising of some large portion of Russia, as has before been conjectured

by some of our most eminent geologists in accounting for the origin

of the drift ;—that is, on the supposition that the superficial earthy

marls constituting group No. 3 of the Steppe-series is a real drift,

or a deposit formed during the change of the lake into a brackish or

salt sea ; and I have seen no recent deposit, either as a member of

the superficial marls or otherwise, that indicates, by evidence of

fossil shells, a long tranquil period of brackish water conditions.

I lean also to the opinion that the lake was not long at a higher

level with brackish water, or in a transitional state, from the fact

that a communication apparently existed about this time between

the Black Sea and the Sea of Marmora by the Buyuk Tehekmejeh

Valley, which is, I believe, nowhere more than a few feet above the

present level of the Black Sea, and consists of a chain of lakes,

marshes, and alluvial soil.
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I must apologize for commencing my remarks with such specula-

tions
;
but, as the contemporary freshwater deposits of other localities

have been made familiar to the Society by my recent papers, I am
induced to keep these ideas prominent whilst the South Kussian
deposits are being noticed.

As the shores of the Yalpuk Lake present the best sections for

the study of the Steppe-deposits, I shall here give two or three

sections from its cliffs and banks ; first mentioning, however, that, as

the Steppe-deposits have a very gradual incline from north to south,

it is only towards the head of this and the other lakes, and at

distances of from fifteen to twenty miles from the Danube, that the

lower group of freshwater deposits (No. 1 of the series) appears

Visible above the level of the lake. The extremity of the Steppe at

the southern part of these lakes is composed of the upper and newer
groups of loose marls, in which there is a change of character and
less evidence of stratification.

The following section (fig. 1) was taken on the west side of the

Yalpuk Lake, two or three miles below Bolgrod ; it shows about

100 feet of the lower group of freshwater strata, No. 1.

Fig. 1.

—

Section of the Steppe Deposits near Bolgrod.

d. 40 feet of yellow, brown, and grey sands and sandy mails,

closely intcrstratified with detached hands or slabs of indurated

sandstone. The whole contains casts of freshwater shells, and
selenite.

c. 8 feet of marly sandstone, containing freshwater shells.

b. 1 to 2 feet of black peaty marl, overlaid by a band of marl,

about 1 foot thick, with numerous freshwater shells.

a. 40 to 60 feet of sands and marls, containing beds with the

same freshwater shells ; and with two species of the striated

bivalves (small Cun/ium) scattered through the whole group:
but the riattish bivalve is the most numerous*.

* The specimens of fossil shells sent l>y ('apt. Spratt from tin— locality liave
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Section fig. 2 is also taken from the west side of the lake, but a

few miles lower down, near the village of Inputsitza.

Pig. 2.

—

Section of the Steppe Deposits near Inputsitza.

a is a stratum, about 12 feet thick, of grey sandy marl. The
striated bivalves {Cardium or Didacna) found in the lower

group of freshwater strata are abundantly dispersed through it,

having their valves closed. In the upper part there is a very

fossiliferous bed, about 1 foot thick, containing Unio, Planorbis,

Paludina (large and small), Melanopsis (two species, large and
small, and both smooth), also a Limncea (L. peregra, apparently)

and Neritina.

h. A bed of black peaty marl, with lignite and impressions of

leaves and weed. At its base is a thin stratum of ferruginous

sandstone, with a thin band of ochre-like clay beneath.

c. 6 feet of yellow sandy marl, with a few of the same fossils as

those in a.

d is a bed of dark peaty marl, 5 feet thick.

e. A band of black peat ; 6 inches.

f. Dark peaty marl, 10 feet thick, with freshwater shells. The
fossils occur chiefly in a bed about 1 foot thick.

g. A fragment of the sands and indurated sandstones shown in d
of section, fig. 1, near Bolgrod. It is similarly composed of

detached bands of gypseous sandstone and indurated sandy marl,

with casts of freshwater fossils upon them. Both g and /have
been subjected to considerable degradation or denudation before

been examined by S. P. Woodward, Esq., F.G-.S., who has kindly supplied the

following list :

—

Fossil shellsfrom the Lower Freshwater Deposits of Bessarabia from near

Bolgrod, Moldavia.

Paludina vivipara ?

, young, of a more ventricose

form.

Valvata, sp.

Eissoa ? exigua, Eichw. ? ; shell imper-
forate.

Triton, Eichw. ? ; shell umbilicate.

Hydrobia ? Conus, Eichw. ? ;
slender,

3 lines long.

Fossil shells from the Upper Freshwater Series at the South end of Lake Yalpiik.

Paludina vivipara ? ; with flattened I Unio pictorum.

whorls.
|
Cardium (Didacna) crassum.

Melanopsis acicularis, Fer.

Neritina fluviatilis.

, sp.

Planorbis corneus.

Limnasa peregra.

Cardium (Didacna).

Dreissena polymorpha.

, sp.
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being covered by the superficial earthy marls (h, i), and in

some parts are entirely wanting. The debris of/and g is some-
times found in the lower part of the overlying deposits (h, i)

;

and appear as groups of shells from/, and fragments of the

sandstones from g, collected together in the hollows formed by
the denuding action.

According to this evidence, therefore, the deposits h and i belong

to No. 3, the superficial series or drift, which here directly overlies

No. 1, or the lower freshwater series, represented by a—g.

Further southward, and on the point above Inputsitza, occurs a

cliff, about 25 feet high, composed wholly of the stratum y of the

Section fig. 2 ; the subjacent beds being below the level of the lake.

Here the overlying beds of the upper series are also somewhat
gravelly, being the rounded fragments of the indurated layers in g.

Below Inputsitza the above group of deposits entirely disappear

;

and a loose marly series occurs, which I have designated as No. 2

(p. 283), from its containing some distinct fossils, as well as differently

characterized strata. No good section was seen showing these marls

in juxtaposition with the beds of the series No. 1 ; and therefore it

could not be determined whether they were conformable or not ; or

whether the former aro distinct, indicative of a second period of

change in the general features, and therefore of the deposits and
molluscan fauna, of the lake, as I imagine may be the case.

A cliff under the village of Babel, on the cast side of the lake,

presents a good section of this series of deposits forming the extremity

of the Steppe.

Fig. 3.

—

Section of the Steppe Deposits near Babel, on the east side of
Lola YaTpuk,

Village.

Porous earthy marl, without fossils. About 70 feet.

a. Brown clny, with band!* of fossils. About 25 feet.

The cliff at Habel (tip. 3) is about 130 feet high, and is composed

of loose sands, marls, and sandy marls, but changing so slightly, or

so gradually, as to show no distinct stratification except hy colour.

a is about 25 feet of brown clay or marl ; containing numerous
fossils, particularly towards the upper part of it. where tin-

fossils lie in beds in great abundance. Some of the fossil .shells

(Dn issi mi) having both valves, indicate that they lived where
they have been deposited, without any violent transport of the

sediment having taken place. A delicate and minute Vc&uata

and a small f'/anor/iis also occur, associated with a very large

VOL. XVI. PART I. I
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Paludina, a Limncea, and a very large Cardium, somewhat
similar to those found Hying in the adjacent lake and the

Danube.
This portion of the deposits at Babel appears to me to have been

tranquilly deposited during a second condition of the lake, when
these new and characteristic shells were living in it. Similar fossils

and the same conditions of the strata occur in the cliff on the oppo-

site side of the lake at Bardur*.

The whole of the fossils in this series resemble the living species

more than those contained in the lower group No. 1, which is seen

only in the upper half of this lake ; the characteristic striated

bivalves of group No. 1 being wanting in this group No. 2, as far

as I have observed.

This lower and fossiliferous portion of the above section at Babel

is succeeded by about 70 feet of unfossiliferous brown marls or

earthy marls (b) that very much resemble the superficial or drift

series ; but I could not clearly define a positive separation between

a and b
;
although, from some appearances of such division, I think it

may exist, and that we have here a section of both the series No. 2

and No. 3. Fossil bones, much worn, of some large animal were

found at the base of this cliff; and I have been informed that the

remains of fossil Elephants and other large Mammalia have been

procured from the upper series of Steppe-deposits in several localities.

I found the same geological and palteontological characters in the

deposits of the Steppe at Galatz and near Ibrail, as well as more in

the interior of Wallachia. Approaching the Carpathian chain, I

found that they became more gravelly, particularly on the line of

the Seereth.

The foot of the Carpathian mountains between Foksehan and
Bimni is composed of vast gravel-beds, rising several hundred feet

above the Wallachian plateau, of which it forms the abrupt boundary.

These gravelly beds seem to have been deposited under great dis-

turbance, and to be of late origin. They have been derived appa-

rently from the rocks of the Carpathians during some great upheaval,

accompanied by some great water-action operating powerfully and

extensively. This mass of debris, whether of prior or of contempo-

rary origin, must have greatly contributed to the superficial or drift

* The following list has been drawn up by Mr. Woodward on examining

Capt. Spratt's specimens:

—

Fossil shells from under Babel and Bardur, Lake Yalpuk.

Paludina vivipara ?

Valvata piscinalis.

Lithoglyphus naticoides, Fer.

Melanopsis Esperi, FSr.

Hydrobia Caspica, Eichw. ?

Bithynia variabdis, Eichw. ?

Neritina fluviatilis (= Danubialis).

' SP" . , .

Limnaja auriculana.

Limnasa, sp.
;
very slender fragment,

like young ofL. stagnalis, var. fragilis.

Planorbis marginatus.

, sp.
;
slightly keeled.

Cardium.
Cyclas rivicola.

Pisidium.

Dreissena polymorpha.

Unio (fragment).
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deposits corresponding to No. 3. I found that even at Foksehan, as

at Gulatz, the water of the town-wells was often so saline, owing to

its containing some mineral salt, as to prevent its being drunk by
the inhabitants. But I was informed such wells were not universal,

as some penetrated springs of good water.

In no part of the intermediate district were there any evidences

of a late Tertiary deposit of marine origin. The freshwater marls
or the superficial drift cover Wallachia, as also Moldavia, Bessarabia,

and the Dobrutcha; the latter with its earthy marls and gravcLs,

and without any contained fossils but those which indicate transport

by their fragmentary nature.

Having sent to the Society a few fossils (with those from Moldavia)

that came from the borders of the Danube near Rassova, and com-
prise a pecidiar striated bivalve (Cardium or Didaona) that seems to

associate the Rassova deposits as a portion of the freshwater series,

similar to the Bolgrod beds, I may here mention that I am indebted

for these to my friend M. Lefort, commanding the French gun-boat
stationed on the Danube, and who made an interesting trip in his

vessel as far as the Iron Gates. I gladly acknowledge this act of

courtesy on his part in thus so liberally sharing with me these speci-

mens which he had himself procured so high up the Danube, on my
pointing out the interest they possessed in connexion with my geo-

logical researches in other localities.

I shall now briefly notice that the Black Sea seems to me, since

it has become purely a salt sea as at present, to have been limited

to the strait which separates the end of the Moldavian Steppe
at Latanof, from the Lsaktcha Hills on the Dobrutcha side of the

river, as the distance is only about 11 mile between ; and when the

sea reached it, the distance was no doubt less ; as it would now be,

if the delta and river there did not fill much of the intermediate

distance, at a level several feet above the Black Sea. It thus then, I

think, would present a sufficient contraction to form a barrier against

the sea, with the shallow embouchure of such a river as the Danube,
The river itself must have been the agent that opened the channel

which here divides, by only a little more than its breadth in many
parts, the superficial deposits of the Steppe on the Moldavian side

from the same deposits which cover the surface of the lsaktcha

ridges on the Turkish side; thus admitting it to the Mack Sea;

the river's marine delta commencing at this point.

These superficial deposits must undoubtedly luive at one time
been united there, and thus enclosed the upper basin within lsaktcha,

as a true Danubian lake. Here tin- striated bivalves that we found
fossil in the freshwater d< posits of the Steppe, and now in part

apparently living in the present lakes, must have been preserved,

only slightly varying in character under some influencing condition

as the lake approached the present time.

I think it probable even that others of these bivalves (as the

A'ldcaa) may still be found living: as 1 found the laru'e Cardium-
T 2



290 PKOCEEDISTGS OF THE GEOLOGICAL SOCIETY. [Jan. 4,

like bivalve, and two or three others, snch as the Monodacna Caspica

and Adacna plicata? of Mr. Woodward's list annexed, in the Yalpnk
Lake*.

As I was not provided with my dredges when in the Yalpnk Lake,

my living specimens were chiefly obtained by diving for them in

different depths beyond 5 and 6 feet. As freshwater shells have a

great permanency of character through geologic time, these may
in all probability be still found in the upper lakes or basins of the

Danube, that must have been in connexion with the Black Sea

basin when the latter was a purely freshwater lake, and perhaps

when at a higher level, as I believe it to have been. The living

Cardium in the Bolgrod Lake could only have been brought there by
the Danube; for this has become a freshwater lake by retaining

the back-water of that river when flooded at its annual rising ; the

Biver Yalpuk being too insignificant to be the real cause of the

freshwater condition of the lake. Prior to the formation of the

delta, this inlet in the Steppe, as well as those adjacent, must have

contained the Euxine shells ; as it was then a mere lagoon open to

the Black Sea, just as the Baselm Lagoon now is. Associated with

the purely freshwater bivalve found on the shores of the delta, is a

very pretty flat bivalve (see specimen sent), which at first I thought

must have also been found Irving in the river, or the lakes adjacent,

like its then doubtful associate, the Yalpuk Cockle (Cardium). But
I at length found it living in the Black Sea, and plentiful also in

the equally salt lagoon of Baselm ; so that this is as purely a marine

shell as the Yalpuk Cockle is purely freshwater.

I shall now briefly notice some sections of the formations bordering

the southern side of the Danube near Tultcha and Besh Tepeh ; and

others on the margin of the Baselm Lagoon, where I obtained some
very interesting geological facts and specimens indicating the age of

these strata.

Fig. 4.

—

Section on the South side of the Danube near Tultcha.

Fig. 4. Kishla. Danube.

Trap' b. Highly inclined siliceous rocks.

* Mr. Woodward's list of the recent shells obtained by Capt. Spratt on the

freshwater lake of the Steppe adjacent to the Danube :

—

Paludina vivipara.

Melanopsis acicularis.

Lithoglyphus naticoides.

Bissoa (Hydrobia), sp.

Neritina fluviatilis, var. Danubialis.

Planorbis corneus.

Linmcea, sp. (aff. pahistris).

Cardium, sp.

, sp.

Monodacna Caspica ?

Adacna plicata.

, sp.

Dreissena polymorpha, adhering

to Cardium.
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c. A mass of stratified calcareous shales. The shale encloses no-

dules of seniicrystalline limestone, from which it has the appear-

ance of being a conglomerate. It has perhaps been altered by
heat. These beds incline from the trap-rock (a) at an angle of

75° towards the jNT.E. by N., and are about 300 feet in thickness.

d. Brown marls, of the superficial or drift series ; between 200 and

300 feet above the Danube.

At Isaktcha, rocks similar to a, b, and c in fig. 4, are overlaid by
the superficial marls d, and occasionally appear through them. They
show considerable disturbance, arising from a protruded volcanic

mass which appears to the west of the ruined town of Isaktcha.

Fig. 5.

—

Section from the Danube to the Raselm Lagoon.

Popin
Island. Raselm Lagoon. Besh Tepeh. Danube.

a b c e

In fig. 5 we have a section from the Danube across Besh Tepeh tu

Popin Island, in the Raselm Lagoon.

a. Stratified schistose rocks, very hard.

b. Dark-veined shales.

c. Calcareous shales and schists
;
nearly vertical.

d. Brown marly sands of the Steppe ; no fossils.

e. A cliff of brown sandy marls over the Danube, with beds of fine

gravel, formed of fragments of rocks similar to those of the

Besh Tepeh Pudge.

Popin Island is apparently an outlying mass of the calcareous

shales and schists o, 6, c ; and is partially flanked with the unfos-

siliferous brown sandy marls of the superficial or drift series.

The calcareous shales here are more calcareous than in the Besh

Tepeh and Tultcha range, and contain abundant fossils, possibly of

the Triassic (?) ago.

It has yet to be determined whether the Isaktcha Rocks, which

are all similar, arc not of an older period ; and these rocks seem to

extend in one continued chain to Matchin. South of Matchin is a

long valley opening into the Raselm Lake at Baba Dagh, or rather at

Yeni Keni, where there was an ancient Creek colony, and where

still exist the picturesque ruins of a Cenoeso castle. The ancient

name, according to local tradition, was Eraklea. The town no

doubt stood on the Black Sea at the Creek, if not at the latter,

period. On the south side of this long valley, which extends nearly

to Matchin, rises another range of hills, parallel to the Tultcha

range, but of less height. Its extremity juts into the Ivaselm Lagoon

to the south and east of Baba Dagh and Yeni Keni (or Kraklea) ; ami

the northern coast of this point or promontory presents the following
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section, which shows rocks and characters entirely differing from

those of the Tultcha range. We have here an upper member of the

same group, if of the same age : or it belongs to a newer formation.

Fig. 6.

—

Section of the Promontory eastward of Yeni Keni (or Yeni

Sel), Lake Baselm.

b aba
a. A red conglomerate. The fragments which it contains are of

schists and shales, but there are none of limestone ; neither

are they rounded, as if water-worn.

b. Compact limestone, grey and reddish, much veined, and semi-

crystalline ; 20 feet thick.

c. Compact calcareous strata, associated with schists and shales,

thinly stratified, and fully 50 or 60 feet thick
;
but, being over-

laid by the superficial marls (d), they are not fully seen. The
beds c correspond with the thinly stratified grey and yellow

calcareous shales forming the next cape or promontory to the

south, called Dolashina, where they contain Inocerami. Here
also they lie nearly horizontal, and are again capped by the

superficial drift, which extends thence to Cape Media, where the

dark vertical shales appear, and then the cream-coloured Inoce-

ramus-limestones ; followed by the Chalk at Kanara, described

in my former papers*.

Thus supplying some links in the line of research, it is hoped that

these notes and remarks will, by the aid of the fossils already pre-

sented to the Society, throw some Light on the geology of the

Dobrutcha.

3. On the Rhizopodal Fauna of the Mediterranean, compared with

that of the Italian and some other Tertiary Deposits.

By T. Rupert Jones, Esq., F.G.S. and W. K. Parker, Esq., Mem.M.S.

Introduction.—The Mediterranean has been the source whence a

large number of the known species of Foraminifera have been de-

rived. Beccarius (1731); Plancus (Bianchi, 1739), Gualtieri (1742),

Ginanni (1755), Soldani (1780 & 1789), and Fichtel and Moll de-

rived most of the material for their notices of these microscopic

shells from the Mediterranean. D'Orbigny also and later naturalists

have drawn largely from this rich source.

Of late years, we have been favoured with the results of many
dredgings taken in different parts of the Mediterranean by Prof.

* Quart. Journ. Geo]. Soc. vol. xiv. p. 207, &o.
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E. Forbes and Capt. E. Spratt, also with shell-sands from Leghorn
and Venice by Mr. W. J. Hamilton, and with other shell-sands from

both sides of Italy by Prof. Meneghini and the Marchese Carlo

Strozzi (through the zealous kindness of Dr. H. Falconer), with
sponge-sands from Crete and elsewhere (communicated by friends),

and we have obtained other like material from various sources. We
have thus been able to work out a very large series of the Mediter-

ranean Foraminifera.

The authors already mentioned, as well as Defrance and others,

have also described a large number of fossil Foraminifera, obtained

from the Tertiary deposits of Tuscany, Piedmont, and other countries

bordering the Mediterranean. These bear a close relation to the

recent forms of the same area ; and towards the elucidation of their

affinities, we can now bring forward the results of a careful exami-
nation of an extensive series of the fossil Foraminifera of the Medi-
terranean region, either supplied to us by some of the friendly hands
above referred to, or obtained from the Museum of this Society and
other sources, especially (in the case of the Malaga clays) through

Professor Ansted. We have also been favoured by Dr. Wilhelm
Haidinger with a large quantity of the Nussdorf Marl (Amphistegina-

bed) from the Vienna Basin ; and from Baljik (on the Black Sea)

we have received, through the hands of Capt. Spratt, a most inter-

esting sample of a Tertiary deposit which affords marked llhizopodous

alliances with the so-called Miocene fauna of the Vienna basin and
the Pliocene fauna of Mediterranean Tertiaries.

We propose to arrange in a Synoptical Table the species and
varieties of Foraminifera which we have found in the gatherings,

dredgings, and soundings brought from several (20) localities of

which we have definite information ; and in many cases the shells

obtained at different depths, or in distinct sea-zones, in one locality

will be discriminated, on account of the importance arising from the

variability of a given species under different conditions of depth

and sea-bottom. We follow the same plan with the fossil forms ; in

some instances the different beds of the deposits being treated sepa-

rately. In every case where wc offer tabulated results we feel

satisfied of having had at our command a sufficient quantity of

material to afford trustworthy evidence.

We prefer to tabulate the fossil Foraminifera of the Vienna basin

from D'Orbigny's beautiful Monograph, and from the elaborate

Memoirs of Czjeck and Keuss, not yet having had time to do justice

to the valuable Viennese material supplied^us by Dr. Haidinger.

With respect to the nomenclature adopted in our Table, we have,

in the first place, been careful to eliminate all unnecessary binomial

terms, such as duplicate names, or names given to but slightly varied

individuals; and at the same time we have enumerated many well-

marked varieties in each species, because of their value as indications

of peculiar conditions of habitat ; and because, many of them pre-

senting at tii-sl sight striking differences of form. size, and orna-

mentation, and being easily mistaken for types of distinct specific

groups, they have acquired an importance in the eyes of zoologist
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and geologist which makes it convenient to give them a sort of

subspecific value and a binomial term.

It has been doubted by some whether in this, the most variable,

because simplest, family of the animal kingdom, every variety should

not be distinguished by its own binomial appellation,—a plan that has

been followed almost to the full by many naturalists. In this, how-
ever, we cannot agree, for the unlimited multiplication of quasi-spe-

cific names, linked together by pseudo-generic titles, can only weary
the catalogue-maker, and throw obstacles in theway of the systema-

tist ; for it keeps up a false notion of the value of external characters

which are rarely essential, whilst no clue is thereby obtained to the

morphological law of each real specific type. Evidences of such law,

however, are not wanting when we carefully examine varietal forms

as they diverge, and, as it were, radiate, from a given central type.

Though Linnaeus was somewhat parsimonious in giving names to

the microscopic shells which he knew, and though Ficbtel and Moll

partially indicated their great variability, and were cautious in

naming them, yet it was not until Dujardin demonstrated the nature

of the Rhizopodous sarcode and its simple, non- differentiated cha-

racter, and until Williamson and Carpenter, taking up the study of

certain species, showed what extreme forms might be connected

together by innumerable gentle intermediate gradations, that any-

thing like a really scientific appreciation of these Microzoa may be

said to have existed. Our own experience of the wide limits within

which any specific group of the Foraminifera multiply their varietal

forms, related by some peculiar conditions of growth and ornamen-
tation, has led us to concur fully with those who regard nearly

every species of Foraminifera as capable of adapting itself, with

endless modifications of form and structure, to very different habitats

in brackish and in salt water,—in the several zones of shallow, deep,

and abyssal seas,—and under every climate, from the poles to the

Equator. Our principles of nomenclature, and the application of

them, may be seen in our papers on Foraminifera in the ' Annals

and Mag. Nat. Hist.'

Remarks on the Materials of the Tabular Synopsis.—In arranging

our synoptical tables of the Mediterranean Rhizopoda, recent and
fossil, and in comparing their numerous specific and varietal forms

one with another, we have not confined ourselves to our collections

from this region, but have necessarily made comparisons of forms

from almost every part of the globe, from the Arctic and the Tropic

Seas, from the temperate zones of both hemispheres, and from shallow,

as well as deep sea-beds. Geologically, also, we have reviewed the

Foraminifera in their manifold aspects as presented by the ancient

faunas of the Tertiary, Cretaceous, Oolitic, Liassic, Triassic, Permian,

and Carboniferous times
;

finding, to our astonishment, that scarcely

any of the species of the Foraminifera met with in the Secondary

Rocks have become extinct
;

all, indeed, that we have as yet seen

have their counterparts in the recent Mediterranean deposits. This

is still more clearly found to be the case with regard to the Chalk of

Maestricht and the Tertiaries.
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Taking the recent Mediterranean Foraminifera systematically, we
commence with the littoral fauna, comprising those met with in the
seaweed-zone, and those washed up hy the waves and found between
the tidal lines, or occasionally in sand-banks blown up by the wind.
Amongst those obtained under these circumstances are the numerous
specimens found in sponges, when the latter have been thrown on
the shore and trampled or washed about in the sand. Samples of

such littoral shell-sand we have from the Golfo di Spezzia*, Leghornf,
and Crete from shores having a western aspect ; from the sand-
bank of Lido § (Venice), and from Rimini ||, in the Adriatic. The
equivalent deposits of the Levant, including those off the Nile, we
retain for future description.

Our selected examples from the next stages of sea-depths are

from 40 fathoms at Suda Bay, north side of Crete from 90 fathoms
off Syra in the Archipelago**, from 170 fathoms off Serpho in the
Archipelagoff, from 250 fathoms to the north-west of Crete ji, from
300 fathoms near Crete §§, from 500 fathoms near Ipsara in the
Archipelago

1
1

1|, from 1100 fathoms between Crete and Santorinif*|[,

from 1620 and 1650 fathoms between Malta and Crete ***, and from
1700 fathoms between Malta and the Archipelago fff.
The fossil Foraminifera of the Mediterranean area will be illus-

trated in our columns by lists of species from the Tcjares clay of
Malaga, the shelly beds of Turin, several deposits from Sienna, the
shell-beds of Palermo, the fossiliferous Tertiaries of Malta, those of

the Vienna basin, and lastly, from a shell-bed at Baljik, near Varna,
on the Black Sea. The last three of these deposits are regarded as

being of Miocene age,—the others, with one or two exceptions, as
Pliocene.

The richest of these are the Siennese Subapennine beds, samples
of which have been freely communicated to us by Prof. Meneghini
and tho Marchese Carlo Strozzi (through the hands of our friend Dr.

Falconer). The following is the list of these beds from which we
have specimens (Nos. 1-8 are from Prof. Meneghini; Nos. 9-12 from
March. C. Strozzi).— 1. Blue clay, from Cerajolo and Santo Donnino
(see Soldani's ' Testaccographia,' vol. ii. p. 2<>). 2. Blue clay, from
S. Lazzaro, near Sienna ( sec Soldani, ' Testaccographia. ' vol. ii. p. 42).
'A and 4. Blue clay, from Coroncina, near Sienna (see Soldani. • Tes-
taccographia,' vol. ii. p. 79). 5. Blue clay, from S. Quirico, not far

from Sienna. ('». Clay, from Peseaja, near Sienna (rich in /C>it<>,ii<>-

straca, but poor in F>ramiiiij\ra). 7. Sand, from l'iciiza, in the

Siennese. 8. Clay, from Monte Arioso, near Sienna. 9. " Babbie
(iialle di Montopoli," Tuscany (upper Pliocene). I<». Castell' Ar-
(piato nel Piacentino (Pliocene). 11." Delle Crete Senesi "

( Lower

* From Prof. Menetfhini.

t From Mr. W.J. Hamilton mid the Muivlicsc Curio Strozzi.

} From Mr. Dines. § From Mr. \V. J. Hamilton.
Knuii I'rof. Mriici;liiiii and I lie Marclicsc ('. Strozzi.

From Mr. Huxley. ** From Capt. Spratt.

ft From ('apt. S rati. }| Krom ('apt. Spratt.

§§ From Mr. Hilton. || Ij From ('apt. Spratt. l«'roni Cnpt. Spratt.
*** From Capt. Spratt. ttt From Capt. Spratt.
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Pliocene). 12. St. Frediano, Colline Pisane (Miocene); this last

and No. 7 resemble the Amphistegina-hed of the Vienna Basin.

Nos. 1-4 will be grouped together in one column, as they contain

but one series of forms, with a great uniformity of mineral matter.

Excepting the Amphistegina-beds, the Italian Tertiaries under

notice yield Foraminifera similar to those of the Mediterranean, both

of shallow and deep habitats.

The next columnized group will be that from Malaga. In the

Quart. Journ. Geol. Soc. vol. xv. p. 597 and p. 600, Prof. Ansted

has described the geological relations of the Tejares clay of the

neighbourhood of Malaga, and has briefly alluded to its very rich

Bhizopoclal fauna. This is the richest, next to that of the Siennese

tertiaries, that we know of, and well agrees with that of the present

Mediterranean, especially the Adriatic.

Fossils in the collection of the Society, from the neighbourhood of

Turin, have afforded the shelly sands from which the next column

of species has been arranged. In many respects these are equivalent

to some of those from the Siennese district; especially the more
shallow-water forms.

Palermo gives us the next column; these materials being also

from the Society's collection. This fauna is more like that of the

recent shallow-water Mediterranean deposits than most of the Sien-

nese or the Malaga clays.

Our Maltese Foraminifera belong to another fauna, characterized

by the abundance of Heterosteginai (the reddish fragile limestone

being almost wholly composed of this shell). The recent analogue

of this fauna has to be sought for in the Eastern seas (Philippines).

The Vienna Basin has afforded, as palaeontologists well know, a

large series of Foraminifera to the patient researches of D'Orbigny,

Czjeck, and Beuss. Like the Amphistegina-beds of Italy and the

Heterostegina-rock of Malta, these Viennese Tertiaries are of older

date than the Pliocene beds of the Subapennine series, and are re-

garded as of Miocene age, or Oligocene of the German geologists.

The Viennese species have been so carefully figured and described by
the above-named paleontologists that we gladly use their materials in

our columns of the Mediterranean species and of the fossil faunas

that preceded them in that area and the conterminous regions.

A very important relic of an old fauna closely allied to the Mio-

cene forms of some of the Vienna deposits, and not without some

relationship to the Eocene beds of Grignon, is indicated by a

whitish shelly marl from Baljik, containing also remains of aquatic

mammals. This is referred to in the Quart. Journ. Geol. Soc. vol.

xiii. p. 77, by Capt. Spratt, who has also kindly supplied us with a

quantity of this valuable material for examination. This affords a

curious and instructive fauna, allied to that of the Mediterranean,

but having remarkable peculiarities. In mineral character it much
resembles the deep-sea deposits of the Mediterranean, having a large

proportion of greyish-white aluminous matter, and a considerable

quantity of fragments of Molluscan shells, with but a few that are

perfect, and those small. It docs not, however, contain the delicate
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small Pteropodous shells so common in deep soundings in the Medi-
terranean.

In this instance we have taken in hand the Mediterranean Fora-
minifera and their older relatives found in the neighbouring Ter-
tiary deposits. We propose, if circumstances permit, to present at

another time comparative views of other faunas, such as those of the

Atlantic with the fossil Foraminifera of Bordeaux and the Faluns
—and those of Australia compared with the well-known Grignon
forms, &c.

Notes on the several Columns in the Table.—Columns Nos. 1 to 11,

illustrating the recent Bhizopodal fauna of the Mediterranean, will

require a detailed history of their interesting contents too long for

the present occasion. The value of these columns, as terms of

comparison, will be shown in treating of the fossil forms tabulated

in Columns Nos. 12 to 28.

Column No. 12. Blue Clays from Cerajolo and S. Donnino, from
S. Lazaro, and from Coroncina.

These Siennese clays (for which we are indebted to Professor

Meneghini) are exceedingly rich in the Nodosarian and Cristellarian

species. They also abound with the Biilimine, Tcxtularian, Bota-
lian, and Nonioninc groups ; but are poor in Lagence, Polymorphince,

and Polystomellce. The Miliolce are moderately represented, but not
proportionately abundant.

This deposit Is amongst the richest of those containing the " Sti-

chostegian" Foraminifera that we know of; the only comparable
instances being the Malaga and Vienna clays. Several of the Cre-

taceous and Jurassic deposits (chiefly clays) are also extremely rich

in this group. In the recent state we find the Stichcstegia generally

rare in littoral deposits. At Bimini they are exceptionally abun-
dant ; the shore-sand there being almost as markedly characterized

with them (though of smaller size) as the Subapennine clays are.

In column No. 4 we have, from ninety fathoms, a fine scries of

Stichostegues, nearly equal to those from Bimini ; but the minor
varieties have more delicate shape, with thicker shell-walls; con-

ditions obtaining in every group of Foraminif ra in dee]) water.

In abyssal depths of the Mediterranean, as well as of the open
ocean, the Nodosarian group becomes rare, and the specimens arc

very small.

As to the Buliminc group, column No. 12 agrees well with No. 4,

and is not very dissimilar from Num. 5, (!. ».V 7 : hut in the two latter

(2">0 and :>''>o fathoms) st of these forms are of much diminished

size. The same may lie said of the Textularians. The favourite range

of liulimiint' and 'J\ .rbi/tiria appears to he (from what we have seen

in the .Mediterranean and elsewhere) from L'n to L'dii fathoms.

The Cassit/ii/iiKi are represented by varieties that arc usually

found, in sands and clays, at from ahoiit .">(i to 1.~><I fathoms.

Orbulinu and (llohigi rina (with their two allies the so-called

iXtmioiiiiiti sf>/i<i roi'hs and the S/ihn roit/inii bvlloides) are faithful

indicators of alyssal deptbs, though Occasional]] found in shallow
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water. In column No. 12 these forms are well represented by full-

sized individuals, though not in a large proportional number.

Of the leading Rotalian forms, we have here some of the varieties

of Rotalia (Planorbulina) farcta that are usual in moderately deep

water ; so also of R. repanda ; the varieties of R. Beccarii are those

of deep water; the varieties of R. Turbo, which usually affects

shallow waters and sandy bottoms, are feebly represented here.

The Nonionince, and their more highly developed relatives the

Polystomellce, seem, by the varieties here present, to indicate a

moderate depth.

Of the opake-shelled Foraminifera we have here a few good

varieties of Miliola, inhabiting deepish water; the truly littoral

forms being almost wanting. Of the rest of the opake group, there

are some large helicine specimens of Lituola nautiloidea, and a few

smallish Cornuspirce, none of which inhabit shallow water.

From the evidence thus gathered by a comparison of the contents

of column No. 12 with the Foraminifers of the existing seas and

oceans, we may conclude that these particular Siennese clays were

deposited at a depth of not less than about 40 fathoms, and not more
than about 100 fathoms. We must remember here that an area of

a clay-bed or any other sea-deposit may have a considerable ex-

tension under a gently varying depth of water, within certain limits ;

and that samples of the same clay-bed taken from within a few

miles, or even yards, of each other, may yield somewhat clissimilar

portions of one great well-characterized fauna. Thus we may take

our specimens from the spot where the littoral overlaps the deep zone,

or where the latter is sliding into the abyssal. The wide limit of

from 40 to 100 fathoms, indicated for the Siennese clays, illustrated

by column No. 12, may be thus accounted for.

No. 13. Blue Clay from S. Quirico (Professor Meneghini).

From the smallness of the specimens, and the proportional abun-

dance of Olobigerina, this was very probably formed in a depth of

from 150 to 250 fathoms.

No. 14. Blue Clay from Pescaja (Meneghini).

This yields numerous small specimens of Rotalia Beccarii inter-

mixed with innumerable Entomostraca (Gy there Muelleri, var.). From
the small size of the Rotalia and the presence of this Cythere, we
may confidently interpret this clay as a deposit of shallow and pro-

bably brackish water. Both R. Beccarii and O. Muelleri are found

to range upwards into estuaries and salt-marshes.

No. 15. Sand from Pienza (Meneghini).

This is an Amphistegina-bed. It has a few shallow-water forms

besides the Amphistegina, especially Rotalia Beccarii and Polysto-

mella crispa, which are large and abundant. We best know Am-
phistegina, in the Canaries, West Indies, and Eastern Seas, in shell-

beds at from 20 to 40 fathoms. In the white mud from the Austra-

lian reefs (10 to 20 fathoms), dredged by Mr. Jukes, and rich in

Foraminifers, Amphistegina is large and common. We have not

met with a recent Amphistegina in the Mediterranean.
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We may suppose the Amphistegina-bed of Pienza to have been

formed at no great depth ; perhaps at not more than 10 fathoms, if

we are swayed by the presence of the R. Beccarii and P. crista, as

indeed we ought to be.

Amphistegince form a large proportion of the material of some
other fossil deposits in the neighbourhood of the Mediterranean (as

shown in columns Nos. 17, 18, 20, 21, & 23). It abounds in the

white Nussdorf marl of the Vienna Basin ; and is not absent from
the Malaga clay. It may yet be found in some pari of the Mediter-

ranean
;
but, as it seems to have disappeared from this area, geologists

may be right in setting a value on its abundance in some of the

Tertiary beds, and in regarding it as indicative of the Miocene
period. It abounds in the Miocene Tertiaries of San Domingo.

No. 16. Clay from Monti Arioso (Meneghini).

The fauna here is made up of liotalia Beccarii with a few other

shallow-water forms.

No. 17. " Sabbie gialle," Montopoli (Strozzi).

This yellow sand much resembles in its fauna No. 15 ; but the

Amphistegina is here accompanied with a larger suite of Rotalice,

r<j/i/stoi,ir/hp, Textular ire, &c, with some Miliolce. The varieties

here present indicate rather deeper water than that peculiar to the

fauna of No. 15.

No. 18. Castel' Arquato (Strozzi).

This also has Amphisteg'nia. It contains also OpcroiJina com-

planata, which is, however, feebly developed in the Mediterranean;

but this is very rare at Castel' Arquato, and may have been a
" derived" fossil, being very much worn. This deposit was funned

in shallow water, and has much agreement with the fauna of column
No. 1, in its many well-developed littoral forms.

No. 19. « DeUe Crete Senesi" (Strozzi).

This, like No. 14, is extremely rich in Rotalia Beccarii. It has

also many good-sized specimens of Polgslomclla crispa, a few Miliuio;

and a unique specimen of Dactylopora, which looks worn, like a
" derived " fossil. Dactylopora is a characteristic Eocene Forami-
nifer: it is not found in the Mediterranean; but the subtropical

seas yield some small specimens, exhibiting, as it were, an arrest of

growth*. It occurs also in the Miocene clays of San Domingo.

No. 20. San Frediano (Strozzi).

Another Amphistegina-bed with a lew littoral forms besides its

abundant Amph ist, gimr. 1'ohfstniin Ha is again large and common,
as in most of the Amphistegina-dcposits.

No. 21. Tejarcs Clay, Malaga (Ansted).

What we have said respecting column No. 12 holds good for the

lthizopodal fauna afforded by this Malaga clay. At from 17" to ~><"
I

fathoms in the Mediterranean very many of the same group of forms

occur, hut the individuals are smaller. At from I 1<>»> to 1 7<m fathoms

there are fewer, and many of them very small; hut (h-t>i>lina and

* See A-mals of Nut. Hist. .'Inl ser. vol. v. |>. J7".
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Globigerina sxe largest here and most common. In the middle

depth also these two genera present the best developed forms both

in number and size.

One of the Rhizopods in the Tejares Clay particularly deserves

notice, namely the Frondicularia, which we here find very large.

Soldani figures similar large specimens from the Siennese deposits

;

but we have met with small ones only. In the recent sand from

Rimini we find large, worn, and probably " derived " Frondicularia?,

having their chambers occupied with ferruginous clay, as is the case

with the large fossil Cristellaria of Sienna. D'Orbigny had large

Frondicularia; from the Viennese Tertiaries ; and we find some in

the Tertiary beds of San Domingo*.

IS o.22. Turin (Geol. Soc).

Characterized by very large Nodosarim and Cristellaria}, the

Turin deposits which we have examined have the general features

of the Pliocene Tertiary. A considerable number of forms, just as

may be found on the' western shores of Italy at this day, combined
with gigantic Oristellarice and the largest of known Nodosariw, com-
pose the fauna in this column No. 22.

No. 23. Palermo (Geol. Soc).

Our specimens from the tertiary deposits of Palermo yield a very

rich fauna of rather shallow-water forms, commingled with some
from deeper zones. Anvphistegina is present here also, and is common,
though not preponderating. The Textularian, Rotalian, and Miliolite

groups are in force ; there are a few traces, however, of the Nodo-
sarice and Cristellaria). This fauna has much resemblance to the

large assemblage of forms which Mr. S. V. Wood, F.G.S., has col-

lected from the Crag at Sutton in Suffolk. With the latter, however,

the existing sea-bed, 1 at 21 fathoms f, off the north-west of Sicily,

has such close relations, as to the varieties and conditions of the

Foraminifera, that we may regard them as almost identical.

No. 24. Malta (Geol. Soc).

The Heterostegina-bed at Malta is not without smaller Fora-

minifers (some of which we can identify,—as the Globigerina bul-

loides, Truncatulina lobatula, <fec), but the matrix is too stubborn

to yield all its treasures. The Heterostegina% (which is found also

in the Vienna Basin) appears to be extinct in the Mediterranean.

Nos. 25, 26, 27. Vienna Basin. (D'Orbigny, Czjeck, and Beuss.)

The remarkably rich fauna obtained from different deposits in the

* We have lately met with a long narrow Frondicularia (like F. striatula,

Reuss) in Commander Dayman's dredgings, made in July 1859, off Lisbon, at

700 fathoms.—May 26, 1860.

\ Shown by the dredgings made by the Commander of H.M.S. ' Queen,'

August 1851.

\ Spratt, Forbes, and Wright, in their notices of the Maltese strata and fossils

(Proc. Geol. Soc. iv. pp. 226 & 230 ; and Annals Nat. Hist. 2 ser. xv. p. 101, &c),

have misnamed this Foraminifer, referring it erroneously to Lenticulites
(
Oper-

culina) complanatus, Easterot. Operculina complanata occurs in a hard white

limestone at Malta ; and for a very fine specimen we are indebted to Lord
Ducie, F.G.S.
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Vienna Basin have been elaborately studied by D'Orbigny, Czjeek.

and Reuss. We find in their works figures and descriptions of nearly
every form mentioned in our columns Nos. 12-24, and a large

majority also of the species and varieties that are found living in

the Mediterranean.

One of these deposits (marl at Nussdorf) is abundantly rich with
Amphisteejinaz. Here also Alveolina occurs, as well as at Baden.
These forms are extinct as to the present Mediterranean. Orbiadina,

as a small variety, has been found fossil at Buitur in Transylvania*
;

this also we have not met with living in the Mediterranean, though
others have mentioned it.

The forms figured by Czjeck may be for the most part regarded as

intermedia between the bolder forms figured in D'Orbigny's great

work ; at the same time they comprise some verj important varieties,

and a few are new varietal types.

Reuss also has figured, besides a few new forms, numerous inter-

media, most of them being delicate varieties of the subspecies so

well shown in the large work by D'Orbigny, and of considerable

value to the zoologist.

No. 28. Baljik. (Capt. Spratt.)

A whitish marl characterized by a few peculiar forms, some of

them extremely rich in individuals. The Pohjstomellee and Nonio-
nince afford multitudes of minute specimens, and also the beautiful

and rare spinose form termed P. lleyina by D'Orbigny ; it is the

P. unguiculata, Gmel. sp. D'Orbigny had it from the Vienna Basin

;

Gmelin's specimen came from the lied Sea. Vertebralina mcequalis,

Gmel., obtained by Spongier, and also by ourselves, from the sand
of the Red Sea, and which is common in the Calcaire Grossier of

Grignon, occurs in the Baljik marl, common and large. A few
MiUolat and Lagence, and an occasional Rotalia Beccarii and Nubt -

cv.laria complete the list of Foram in ifera obtained by the careful

examination of some pounds of this marl.

We have here evidently an old sea-bed of the seaweed-zone (pro-

bably at a depth of from 10 to 20 fathoms), having relations, it would
seem, rather with the fauna of the Red Sea than with that of the

Mediterranean.

Notes on the Si>ecies and Varieties.—Many of the species and
varieties mentioned in the foregoing Table have been named (as

species) by D'Orbigny in the ' Annales des Sc. Nat.,' after figures

published in Soldani's ' Testaeeographia ' and < Saggio Orittogra-

ficof;' and, as we have had the opportunity}: of referring at our
leisure to Soldani's great work, we have verified and adopted these

names, often to the exclusion of synonyms that have been needlessly

multiplied in works subsequent to those of the authors mentioned.

* D'Orbigny, For. Fobs. Tien, p, 142.

i This appear* also in tin- form of an Appendix to the ' Testae graphia,' vol. ii.

| Through the kindness and liherulity of J)r. Falconer, F.li.S.. who for our
sake purchased in Italy a perfect copy of this expensive work, the loan of which
wo at present enjoy.
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Some other varieties and species are but little known, and call

for a few remarks as to their structure and alliances. Others are

determined here for the first time, and require a few words of

notice.

1-43. The varieties here enumerated comprise nearly all the best

marked and most distinct forms known of the genus Nodosarina,

including Nodosaria and Cristellaria and all their varieties. The
Flabelline subgroup, however, is not well represented, though some
of the Cristellaria^ here put on to some extent the essential features

of Flabellina. We have elsewhere stated* our views of the close

relationship of Dentalina, Lingulina, Frondicularia, Dimorphina,

jRimidina, Vagimdina, Planularia, and Marginulina to Nodosaria

on one hand and Cristellaria on the other.

3. Nodosaria ovicula, D'Orb. Ann. Sc. Nat. vii. p. 252, No. 6 ; Sol-

dani, Testaceograph. ii. pi. 10. figs. H-M ; N. longiscata, D'Orb.

For. Foss. Vien. p. 32, pi. 1. figs. 10-12.

4. N. Pymda, D'Orb. Ann. Sc. Nat. vii. p. 253, No. 13 ; Soldani,

Testaceog. ii. pi. 10. fig. b-c ; N. stvpitata, Reuss, Denkschr. Ak.
Wien, i. pi. 46. fig. 4.

5. N. longicauda, D'Orb. Ann. Sc. Nat. p. 254, No. 28; Soldani,

Testaceog. i. pt. 2, pi. 95. fig. b-m ; N. striaticollis, D'Orb. Hist.

Nat. Canar. pi. 1. fig. 2-4.

6. N. hirsuta, D'Orb. Ann. Sc. Nat. vii. p. 252, No. 7 ;
Soldani, Tes-

taceog. ii. pi. 2. fig. P ; N. hispida, D'Orb. For. Foss. Vien. pi. 1.

f. 24, 25.

21. Vaginulina striata, D'Orb. Ann. Sc. Nat. vii. p. 257, No. 3

;

Soldani, Saggio Orittog. pi. 6. f. N.

24. V. marginata, D'Orb. Ann. Sc. Nat. vii. p. 285, No. 7 ; Soldani,

Testaceog. i. pt. 2, pi. 103. f. M.

28. Marginidina False. New variety. [Type, Nodosarina Raphanus,
Linn.] An elegant dimorphous, striated, little Nodosarina, with
the first six or seven cells arranged in the form of a partially un-
coiled trihedral (or Cristellaria Saracenaria of Defrance), andwith
the last two, three, or four chambers rectilinear and not distin-

guishable from those of Nodosaria longicauda, with which this

variety is always associated in nature. N. longicauda may be

regarded as the normal form to which this variety belongs, and
is the more prevalent of the two. Soldani has given two or

three figures (Testaceog. i. pt. 2, pi. 95. fig. L
;

pi. 96. fig. P

;

and pi. 102. fig. 6), which, though wanting in definiteness, may
have reference to this variety.

30. Marginulina hirsuta, D'Orb. For. Foss. Vien. p. 69, pi. 3. f. 17,18.

This is not the Marginulina hirsuta of the Ann. Sc. Nat. vii.

p. 259, No. 5, which is Bigenerina Nodosaria, as shown by
Soldani's figures referred to by D'Orbigny.

* In the ' Annals of Nat. Hist.' 3 ser. vol. iii. p. 477.
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-pygm , D'O.
71.

72.

73. cariuala, D O.

74. fGraudryina) Badononais, Hou-s

(Bigcnerina) Nodosaria, D'O. ..

( ) digitata.D'O

(Grammostomum) Caproolus, I

( ) Oramcn, D'O
79. (VcrncuilijinJ tricarinato, D'O.

)
spinulosa, Reuss

)
poh-slropba, Rei

S D'0.
Ki Orbiliiluii: 1 VMellim) rumKCKi
4. Injvis,P.&J

% IMvtrema miiiiacca, lispcr

-,. S|iiriiliua viiip;ira, Rbrenb
S7 JVuitia:m:iii,:i inlVi'.n. .Monlag.

ala, P.&J.
.D'O..

eharoides, P. A- J
P..VJ

92. Valvulma angularis, D'O
93. Orbulinn unirersa, D'O
94. Slobigoriaa Imlloidcs, D'O

beUcina, D'O
hi.-i.uta. D'O

97. Plauorbulinu farcta, F.4M
Mediterranensis, D'O

99. ri'runcatulina)!obatula, W. &J..

102. ( ) coronata.P.&J.
103. (Planulina) Arimincnsis. 1

104. Rotalia HBidiiigerii, D'O.

105. Ungcriana, D'O
ammonoides, Eeuss .

reticulata. C/.icuk ...

Clementiana, D'O.

Mieheli'

110. repanda, F.iM.
111. pnlcbelbi, D'O.

D'O.

D'O

- Menardii, D'O
- Antillarum, D'O..

- olegans, D'O
- Scbreiberaii, D'O..

— nitida, Will
Soldanii, D'O— orbicularis; D'O

124 (C.ilcarim; ranspina, Dcsb..

127. Rotalia globularis, D'O.

— Bertholetiana, D'O
elecans. D'O

pbssroidina bulloidcs, D'O
134. Nonionina spliajroides, D'O

Scapha, F.1M— poinpdioides, I'.ftM

bevis, D'O— granosiuD'O
liraba, D'O
astemans, F.AM
steUifera, D'O

142. Polvstomella striatopunctata, F.&M.
"- macella, F. 4 M

Ficbtelliana. D'O
unguiculata, Ouiel

— - crispa, Tjnn

147. Ampbistegina vulgaris, D'O
146. Heterostegina deprcssa, D'O
149. Opcrculina complanata, Bast

150. Nummulina planulata, I/im

151. Cassidulina. laevigata, D'O

- limbato, D'O.
- striata, D'O
- cEuialiculala, D'O

Quinqueboulnia Semiuulum, Linn.

159. , D'O..

, .
D'O.

f61. pulcbella, D'O
triangularis, D'O
l.vru. I) O
tenuis, Czjeck

165 Triloculin.i 1 rinonula, Lam.

.

166. Brongniartii, D'O
167. oblonga. Montag
168. reticulata, D'O
169. tricarinata, D'O
lyi). Lilor'uli ::ri ri::gcns, fjam. ...

171 Vericuralina M";uia. D'O
175. Cassis, D'O
170. inajqualis, G-niol

177. N-.i'iU'Cuairia liKafui;.'!. Del'r

17.^. C.'onm-pir.i liibaa-a, Phil.. .

179 Liluola nautiloiilea, T^im

180. Canarienais, D'O
181. pclagica, D'O
182. Cenoniana, D'O
183. -

-

cyUndracous, Lam
187. (Dcndritina) Arbuscula, D'O- .

18>\ OrSitoli'.es complanata, imm.

169. Orbiculina adunca, F.4M
I'll) Alv.'oliua Mi'lo. F.4M
II)!. Daitylopora reticulata, Dofr. .

t .Soitu; bt-auliliil (^.Ir.-ii-in

s derived from the Tertiaries occur here, and so do fossil specimens of ofbr Foraminifers IP. crispa, to.) which exist here r
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31 . Marginulina Lituus, D'Orb. Ann. Sc. Nat. vii. p. 259, No. 11

;

Soldani, Testaccog. i. pt.- 2, pi. 106. fig. act, bb.

43. Cristellaria aculeata, D'Orb. Ann. Sc. Nat. vii. p. 292, No. 14

;

Soldani, Testaceog. i. pt. 1, pi. 57. fig. tt ; G. echinata, D'Orb.

For. Fos. Vien. pi. 4. f. 21, 22.

51-60. The genus Bidimina comprehends all the forms here indi-

cated. Virgulina is a delicate, compressed, biserial Bidimina, the

chambers not increasing with exact regularity. Bolivina is a similar

form, but more regularly plaited in its growth, being a Tcxtularian

isomorph. All these lie within the limits of an essential species.

53. Bulimhia aculeata D'Orb. Ann. Sc. Nat. vii. p. 269, No. 7 ; Sol-

dani, Testaceog. i. pt. 2, pi. 127. fig. I, pi. 130. f. VV.

64. Uvigerina nodosa, D'Orb. Ann. Sc. Nat. vii. p. 269, No. 3 ; Sol-

dani, Testaccog. i. pt. 2, pi. 126. fig. aw, yy, zz, A, B.

65-82. Textularice. Varieties of one manifold species, belonging

to one generic type. The shell of Gaudryina commences with three

cells in a coil, before it takes on its biserial Tcxtularian character.

Such as take on a uniserial growth have been termed ClavuMna, and
confounded with similar varieties of Valvidina. The arrested tri-

serial growth is Vemeuilina. Bigencrina is a Textidaria becoming

uniserial. Grammostomum is a compressed form of Te.ctidaria, with

a terminal slit-like aperture. This kind of aperture passes gradually,

on the one hand, into the common arched passage of Textularia, and

on the other into the round terminal aperture of Bigencrina. Gram-
nioxtomtiiit also maybe dimorphous,—passing from the complex to

the simple arrangement of cells.

Vemeuilina communis, D'Orb. This is the Clavvlina communis,

D'Orb. For. Foss. Yien. p. 196, pi. 12. f. 1, 2. For some re-

marks on the several forms referred to Clavulina by authors,

see Annals Nat. Hist. 3 ser. vol. v. p. 469.

S3, S4. The characters and relationship of Orfnfolinn and Pntellina,

with their numerous varieties, are explained in the Annals Nat.

Hist. 3 ser. vol. vi. pp. 29-38.

85. Polytrema miniacca, Esper, sp.* Millepora miniacca, Esper,

Zooph. i. pi. 17; (Jmel. Svst. Nat. 37 s
I ; M. mbra, Lamarck,

Hist. An. B. Vert. ii. p. 202, No. 8 ; Polytrema coral Iinn,

llisso, Europe Meridion. v. p. 3 In, No. !•! : Polytrema miniacca,

Hlainville, Actinolog. p. 410, pi. 09. f. 4. This is a fixed,

reddish, often branching Khi/opod, related to Grlntolinu.

SO. Spifillina vivipara, Khrenh. See Annals Nat. Hist. 2 ser. xix.

p. L>s4. This has horn often confounded with other Fornmini*-

fera, similarly shaped, hut with sandy and opake shells, and of

distinct relationship. Xj>. vivipara is related to ltntali>r through

the simple vermiculate varieties of ]{. rcpandn, especially It.

vt rmiculnta

.

* Wo Uiivc to tlmiik Dr. J. K. Grny for pointing out the -ynonymy of tlii*

species.

VOL. XVI. PART L Z
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88-91. Trochammina. We have elsewhere* expressed an opinion

that the Rotalia injiata of Montagu belongs to a subgenus distinct

from the common Botalice. The study of more varieties than we
were then acquainted with leads us to regard it as generically

distinct. The sandy structure, great variability of shape, and the

more or less imperfect formation of the chambers, are important

characters of this genus, which we have termed Trochammina.
The shell consists of a dense ferruginous cement filled with small

sand-grains which do not project above the surface. It resembles a

worked plaster-surface. It differs from the shell of Nubecularia, in

which the sand, when present, roughens the surface, but is often

absent ; and from that of Lituola where the sand is in greater pro-

portion than the cement, and is very coarse.

The simplest forms of Trochammina belong to a species (T. irre-

gularis, D'Orb. sp.) of which we know three varieties. First, T. irre-

gularis proper (Webbinaf irregularis, D'Orb., Prodrome, ii. p. Ill ;

Bronn, Leth. Geog. 3rd edit. ii. pt. 5. p. 91, pi. 291. f. 27 ; " CEufs

des Mollusques," Cornuel, Mem. Soc. Geol. France, 2 ser, iii. p. 259,

pi. 4. f. 37+), which is adherent, monihform, with more or less oval

chambers, and varying in the relative length of the stoloniferous

connecting tubes, in the number of the chambers, and in the

straightness or curvature of their line of growth.

Secondly, T. irregularis alternans, which is adherent and has the

stolons springing from the chambers alternately and towards their

front, giving the shell a loose Textularian character. The chambers
are usually somewhat pyriform.

Thirdly, T. irregularis clavata, which is another fixed form, and
consists frequently of a single pyriform chamber, tubular at one end,

and bearing a slightly margined and semioval aperture at the other.

The tubular portion frequently gives off another tube and chamber.

This bifurcation is also occasionally seen in T. irregularis (from the

Oxford clay) ; nor is it wanting in low forms of Nodosaria (Denta-

lina aculeata, D'Orb.).

The second species, Trochammina squamata, comprises five varie-

ties, which are spiral, and more or less Rotalian, in their growth.

The simpler of these forms, such as T. squamata incerta {Opercu-

lina incerta, D'Orb. For. Cuba, pi. 6. f. 16, 17; Sjairillina arenacea,

Williamson, Monograph, p. 93, pi. 7. f. 203), consist of a long spiral

undivided chamber, having the shape of the clear, perforated, dis-

coidal Spirill'ma vivipara, Ehrenb., and of the white, opake, Milioline

Cornuspira foliacea, Philippi.

T. squamata charoicles is a similar undivided tubular chamber ver-

tically spiral (instead of being complanate), and presents a curious

resemblance to the fruit of the Ghara.

The third variety, T. squamata gordialis (from the Indian and

* Annals Nat. Hist. 3 ser. iv. p. 347.

t The name Webbina was first applied by D'Orbigny to a few-chambered,

uniserial, curved form of Nubecularia (Webbina) rugosa, For. Canaries, pi. 1.

f. 16-18, and For. Foss. Vien. p. 74, pi. 21. f. 11-12.

\ Fig. 36 is Lituola (Placopsilina) cenomana.
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Arctic Seas), has more than one chamber, the shell in its early stage

being formed of a few spirally arranged but variable chambers ; and
at a later period being moulded on an undivided, vermiform sarcode.

cither discoidal or irregularly elevated ; sometimes passing at nearly

right angles over the disc, or forming sudden loops and twistings*.

T. squamata proper has the shell divided throughout into lunate

and flattened chambers, several in a whorl, and regularly increasing

with the progress of growth. It much resembles those flatter varie-

ties of Rotalia Turbo which are intermediate between 11. globvlaris

and R. rosacea. T. squamata may easily be confounded with little,

conical, scale-like varieties of Valvidina I ratmjularls ; but the latter

(more nearly allied to the Yemeuilino Textularice) have never more
than three chambers in a whorl, and are more coarsely sandy.

T. squamata inflata (Rotalia inflata, Montagu) has been already

described (Ann. Nat. Hist. Joe. elf.).

92. Vahulina angularis, D'Orb. Clavulina annularis, D'Orb. Ann.
Sc. Nat. vii. p. 102, pi. 12. f. 7. The chief distinctive feature

of this Clavuline form is the lingual process, or valve, partial! y
occluding the aperture,—a characteristic of Vahulina.

94. Globigerina helicina, D'Orb. Ann. Sc. Nat. vii. p. 277, No. 4
;

Soldani, Testaceog. i. pt. 2. pi. 130. fig. qq, rr,pp,p.

97-108. These arc varieties of Rotalia (Via norbulvna) farcta , F. & }I

.

109-118. Varieties of Rotalia repanda, F. & M.

114. Rotalia elegans, D'Orb. Ann. Sc. Nat. vii. p. 276, No. 54;
Soldani, Saggio Orit. pi. ii. f. Q, It ; Rotalia Partschiana, D'Orb.
For. Foss. Yicn. pi. 8. f. 1-3. This is a variety of R. repanda.

110. Rotalia vcrmlcidata, D'Orb. Planorbulina Vi rmlculata, D'Orb.

Ann. Sc. Nat. vii. p. 280, No. 3 ;
Soldani, Testaceog. i. pt. 3,

pi. 161. fig. ABC D. This flat few-celled Spirilline Rotalia,

resembling the Planorbulinc forms of R. farcin merely in

outline and flatness, passes gradually into the 7i\ rcpamla Ir-

regular gradations, especially through R. pidchclla ; and differs

in structure and habit very markedly from every variety <>l

Rotalia (l'lanorbiiHiia) farcta.

118. Rotalia r.rcai'ata, D'Orb. I'alntllna t.rcaratu. D'Orb. For.

Canaries, pi. 1. f. 43—4~>. The Lobular process of the chamber
(common in varieties of R. npanda), which has nothing in

common with the lingual plate of sandy Valvulina, has caused

this form to be mistaken for a ra/rullna. The shell is essen-

tially Rotalian in its structure.

119-123. These are varieties of Rotalia Bcccarii, Linn.

120. Rotalia ammoiilformls, D'Orb. Ann. Sc. Nat. vii. p. L'7<
-

». No. 3:5;

Soldani, Te.^taeeog. i. pt. 1. pi. 34. fig. A'.

* The Hcrjinln pusilhi of Schlothcim (Spirillina pusitla, Jones), from the

Permian limestones of Durham and Germany, is probably elosely related tu

this form.

z2
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124—126. These are varieties of Rotalia (Calcarina) Spengleri,

Gmelin.

126. Calcarina ewcentrica. This is a peculiar, and not previously

described variety of C. Spengleri, attaining a relatively large

size (that of half a mustard-seed). It commences its growth as

a little Rotalia, scarcely distinguishable from R. armata, which

is a small variety of C. Spengleri. Each cell grows out into a

projecting angle, giving a dentate margin to the shell. At first

spirally discoid, this Calcarina soon begins to grow all on one

side, producing a subtriangular or fan-shaped mass ; the apex

consisting of the first few spiral chambers ; the base being-

notched in outline, and broadening with a cyclical tendency.

Beyond this stage a further growth of cells woidd produce a

complanate cyclical shell. Planorbulina farcta presents at one

stage of its growth a plan of growth like that of 0. excentrica,

and at a later period such a cylical arrangement as that above

referred to.

127-132. Varieties of Rotalia Turbo, D'Orb.

128. Rotalia Turbo, D'Orb. Here represented by R. Patella, Reuss,

Denkschr. Akad.Wien, i. pi. 46. f. 22, which is evidently a small

form of R. Turbo.

132. Rotalia elegans, D'Orb. Anomalina elegans, D'Orb. Ann. Sc.

Nat. vii. p. 282, No. 4 ; Modeles, No. 42 ; Rosalina complanata,

D'Orb. For. Foss. Vien. pi. 10. f. 13-15. This is a variety of

R. Turbo.

134. Nonionina splmroides, D'Orb. This differs from the other

Nonionina; (which are varieties of Polystomella), and indeed it

appears to be more nearly related to Globigerina than to Poly-

stomella. It has fewer chambers than any common Nonionina,

and its low arched aperture is very much wider ; its substance

is dense, clear, finely porous, and highly polished (except at

the margins of the aperture, which are granular). By these

features, and by the setting on of the chambers, it is markedly
distinguished from Nonionina, and probably deserves another

appellation ; but until its relationship to the deep-sea varieties

of Polystomella and to the abyssal species Globigerina and
Sphosroidina shall have been worked out more fully, we prefer

leaving it with its present name. Large varieties of N. splice-

roides occur at great depths (2200 fathoms, Indian Ocean, &c),
and often present a want of symmetry in the spiral form.

135-146. We have shown elsewhere* that the Nonionina; are feebly

developed Polystomella?. The varieties here enumerated present

a fair example of the increase of complexity in form and struc-

ture from N. Scapha to P. crispa. Carried still further, the

peculiarities of structure are exaggerated in the typical P.

craticidata.

* Annals Nat. Hist. 3 ser. vol. v. pp. 101-103.
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154-173. These are Miliolce not separable specifically from the type,

Miliola Seminulum, Linn.

155. Spiroloculina limhata, D'Orb. Ann. Sc. Nat. vii. p. 299, No. 12

;

Soldani, Testaceog. ii. pi. 19. fig. m.

160. Quinqueloculina vulgaris, D'Orb. Ann. Sc. Nat. vii. p. 302,

No. 33
;
Soldani, Testaceog. i. pt. 3, pi. 152. fig. E

; Q. secans,

D'Orb. Ann. Sc. Nat. p. 303, No. 43 ;
Modules, No. 96 ; Sol-

dani, Testaceog. i. pt. 3, pi. 152. fig. C.

161. Q.pulchella, D'Orb. Ann. Sc. Nat. vii. p. 303, No. 42 ; Sol-

dani, Testaceog. ii. pi. 18. fig. F ; Q. Schreibersii, D'Orb. For.

Foss. Vien. p. 296, pi. 19. f. 22-24.

168. Trilocidina reticulata, D'Orb. Ann. Sc. Nat. vii. p. 299, No. 9

;

Soldani, Testaceog. i. pt. 3, pi. 159. fig. bb, cc (by error quoted

ee, ff by D'Orbigny).

170. Biloculina elongate, D'Orb. Ann. Sc. Nat. vii. p. 298, No. 4

;

Soldani, Testaceog. i. pt. 3, pi. 153, fig. M, Q, p.

184. Lituola Soldanii. New variety. [Type : Lituola nautiloidea,

Lamarck.] This is a relatively large and straight Lituola,

having the shape of a Nodosaria. It has a variable number of

chambers, from about four to eight, each much subdivided and

labyrinthic, as is the case also in the large crozier-shaped

variety that occurs in the Chalk. Soldani has figured this

straight subcylindrical Lituola (Testaceog. ii. pi. 3. fig. cc ; and

Saggio Orittog. pi. 19. fig. 92 Z), from San Quirico. Our finest

specimens of this variety are from the Miocene sandy clays

of San Domingo. It occurs recent at a depth of 40 and 47
fathoms off the Abrolhos Bank (Lat. 23°07'S.; Long. 41°17'W.).
Thr deposits on this bank have peculiar faunal analogies with

the Italian Tertiaries.

January 18, 1860.

James Poyutz McDonald, Esq., Kingsdown Parade, Bristol ;

William Punion, Esq., CJB., Punjab; and James Winter, M.D..

Uainpstcad, were elected Fellows.

The following communications were read:

—

I. Notice of some Sections of Ou Strata near Oxford.
By John* Phillips, M.A.. F.K.S., Pres.G.S., Reader in Geology in

the University of Oxford.

No. II. Sectiotis South of Oxford.

In England, uneonfoiinitv between the Cretaceous and the Oolitic

strata is discoverable at almost every part of the range of the junction
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of deposits, from the coast of Yorkshire to the cliffs of Dorsetshire.

Everywhere evidence can be found of the wasting action of the sea

on the Oolitic strata before the deposition of the superincumbent
rocks, and sometimes evidence of the movement of the sea-bed (to

which, perhaps, the watery agitation was due). In the country near

Oxford, and from this point south-westward, the Portland Oolite

has been thus greatly wasted, so as to remain in only a few detached

masses. There seems reason to suppose that movements of the sea-

bed of considerable extent followed the deposition of the Oxford Clay;

for the Coralline Oolite fails, and the Kimmeridge Clay grows thin,

and hardly traceable far from the Shotover Hills, in a direction to-

wards the north-east.

The deposition of the Cretaceous series on the wasted Oolites was
thus inevitably irregular ; but in addition we have the varieties of

littoral, estuary, and fluviatile deposits on the boundary-surface of

the Oolites
;
great surface-waste, referable to the Postpliocene age

;

and faults which seem to be of great effect, but are not yet traced

out.

Under these circumstances, it is at once a very interesting and a

very perplexing problem of field-geology to trace out the detached,

unconformed, and wasted cappings of sand and ferruginous stone

which, in several places, lie on the Kimmeridge Clay, and are not

themselves covered by strata of more definite character and age.

The conclusions derived from the field-surveys will not be satis-

factory until fully supported by the evidence of fossils scrupulously

collected by careful hands.

One of the most interesting of the sections near Oxford is seen at

Culham, on the northern bank of the Thames ; and this may be

compared with another in the line of railway near Culham Station,

about a mile to the north-east, with a hill-capping at Toot Balclon

and a cliff-section at Clifden. I have been in the habit of taking

my class to some of these localities for several years.

On entering the excavation at Culham we perceive about 40 feet

of level-surfaced clays and sands, under a cover of flint-gravel mixed
with worn shells of Gryphcea dilatata and other spolia of the adja-

cent country. Nearly the whole mass of the clays and sands exca-

vated here is employed for brick-making; and the digging-operations

mix them much together. A slight glance at the section presents

enough of uniformity to induce the belief that the whole might
belong to one continuous deposit. If, under this impression, a pa-

laeontologist viewing the excavation should pick up Thracia depressa

and Cardium striatulum, and obtain from the workmen teeth oiPlio-

saurus, he will probably write Kimmeridge Clay on the whole section.

Another geologist, arriving when the clay is not being dug, may
examine a different part of the deposit and find Ammonites dentatus

and Belemnites minimus, and may colour on his map, undoubtedGaxdt.

But when, instructed by several visits, the whole section is clearly

made out, we find two clays in the pit, of entirely different geological

age, separated by a bed of sand apparently conformed to each—so

far as this very limited area gives any evidence.
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Section of the Strata at Culham, South of Oxford.

Mixed gravel of Culham Fields.

Ammonites dentatus

Nodules

Sandy and gravelly partings • • • •

j

[•"

Basement-bed, pebbly and ferru- \ ,„,

ginous. J Jv«

Fine-grained sand, nearly uni- 1 {•>
form in composition. I

;

Zone of fossils : Ammonites

Brown nodules, with crystals i

(Bisulph. zinc, in the cracks. J

Ammonites

Gault : blue laminated clay full

ol fossils. (20 feet seen.)

• • . Lower Greensand

Green sand
;
cap of the Kimmeridge

Clay. (9 feet.)

Kimmeridge Clay. (23 feet seen.)

Iii descending from the gravelly surface-deposit, we have aboul

L0 feet of blue laminated day, with the following fossils:

—

Ammonites dentatus. Nucula pectinate.

Ammonites lautu.8. Inoeeranius coneentrieus (large).

Belemnitee minimus. Vlicatula pectinoides.

Solarium conoideum. I'eetcn (luinquesuleatus.

Rostellaria. Balanus.

Dentalium, probably 1). devussat"m . Cvelocyathus Fittoni.

Coniferous wood.

Below these unequivocal Gault layers, the argillaceous deposits

arc striated with short drift lamina- of sand and small gravel. In

these, by careful search, I found specimens of the Ammonites men-
tioned above. These layers are about ."> feet thick, and gradually pass

upward into the ordinary Gault*.

lh-low these sandy layers is a more specially pebbly band, in some

places compacted together, in which I found what seems to be I'cctm

orbicularis. This band agrees in position with what may be termed

the basement bed of the d'ault or the cap of tin- Lower (im-nsand

at Folkestone +.

* In tins part of the scries, probably, occurred a line spcciim n of <>>.', ;,i

nmcvtiptiru. which came into the hands of im friend I'rofcssor Walker, who
resides at Culham.

t Since the reading of the- paper, my friend Mr. Clullcrhuck has found in
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Passing over for the present the bed of greensand, 9 feet in thick-

ness, which lies under the pebbly bed, and turning to the subjacent

clay, which is exposed to a depth of 23 feet in the course of the dig-

ging, we find it to contain, especially towards the upper part,

—

Ammonites—one species of the group Cuculltea.

of A. polyphcus, A. triplicatus, or Perna.
A. giganteus. Discina Humphreysiana.

Ammonites tfiplex.

Towards the bottom of the excavation lies a layer of brown cracked

nodules, the cracks partly filled with bisulphuret of zinc. The
Ammonites and other fossils occur again below the nodules. No
specimen of Ostrea deltoidea being found here, but the shells of

Aylesbury being abundant, we may infer that it is the upper part

of the Kimmeridge Clay Avhich is here seen.

The bed of greensand, 9 feet thick, which separates these two
clays, may now be considered. The mineral character of such a de-

posit is such feeble evidence, that without injustice to that the sand

may be referred to any part of the series between the Kimmeridge
Clay and the Gault. In appearance, however, it is like some of the

dark-green sand-beds at the back of the Isle of Wight (as at Black-

gang Chine), and it is not like the Portland Sand or the Iron-sands

of Shotover. I find in it none of the fossils of the Gault above,

nor any common fossils of the Portland rock or sands, but a few
examples of the Ammonite like A. polyplocus already mentioned in

the Kimmeridge Clay, Cardium striatidum, TJiracia depressa, Pecten

arcuatus, C'orbida, and Wood. I do not find a trace of these fossils

in the pebbly drifts above, and do not suppose them to have been
transported from older strata into this greensand. On further

search I discover no sign of unconformity at the junction of the

sand with the subjacent clay, nor any mark of wasting on that clay ;

but, on the contrary, a somewhat gradual introduction of the sandy
grains, so as to make an easy passage upwards from clay to sand.

I am therefore induced to believe that instead of this being, as at

first sight it might be thought, Lower Greensand, it is really a sandy
cap of the Kimmeridge Clay—perhaps the first stage of a change
towards the Portland series, but still to be classed with the clay.

The information thus gathered from the section now discussed

may be increased by observing what occurs in the railway-cutting a

mile to the north-east of the Brickyard. According to the working-
section prepared by the engineer, Mr. Ward *, it appears that the

Gault is there found resting unconformably on ferruginous sands

this band a specimen of Exogyra resembling E. haliotidea, which somewhat
strengthens my opinion that this thin layer is all that here represents the Lower
Greensand. It thickens towards the westward, retaining its worn sandy and
pebbly character. Possibly other observers may prefer to separate from the

Gault the five feet of sandy and pebbly layers, and call them Lower Greensand
;

but this is not my conclusion.—April 11, 1860.
* I am indebted to Mr. Clutterbuck for the sight of this section.

Pliosaurus of Shotover.

Ichthyosaurus of Shotover.

Asteraeanthus ornatissimus.

Cardium striatulum.

Thracia depressa.

Astarte Hartwelliensis.
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apparently corresponding with those of Shotover ; and these rest on
the Kimmeridge Clay, but grow thinner and die out to the southward.

Another example of a sandy deposit covering the Kimmeridge
Clay occurs at Toot Baldon, a village elevated above the general

plain of Kimmeridge Clay, and lying four miles north-east of Culham.
Here, some years since, on the very summit I found sandy and
stony beds in small quantity and not well exposed. They yielded

me no fossils ; but my friends of the Geological Survey have since

visited the locality, and obtained an Ammonite which they believed

to be of the group of A. Deshayesii *. I lately re-examined the spot,

now less exposed than ever, without finding anything satisfactory.

But on proceeding down the sloping road to the eastward, I per-

ceived the clay to be there also covered by ferruginous bands, and
commenced a persevering search for fossils. I made a considerable

excavation, and obtained several shells, especially a Mya, Pecten,

Cardium, Trochus, and an Ammonite which appears to be of the

group of A. polyplocus, A. triplicatus, and A. ylyanteus.

The mass is sand and sandstone with small black pebbles, and
stained very brown by oxide of iron. It rests immediately on the

Kimmeridge Clay, probably on the very top or upper layers. In the

hope of revisiting this place and of obtaining more and better

evidence, I abstain from further remarks.

A remarkable exhibition of a sand-rock with pebbles occurs in

cliffs against the Thames at Clifden Ferry. It is traversed by oxide

of iron in nests, laminae, and veins running in various directions.

As far as the composition of the mass is concerned, this sand-rock

resembles somewhat the Shotover irony rocks, and somewhat the

pebbly Lower Grcensand of Farringdon ; but no fossils havo been

found in it.

From what has been said it is evident that I regard as still doubt-

ful and incomplete the evidence according to which Lower Green-
sand deposits have been admitted to occupy large areas on the maps
of the country near Oxford. The evidence from fossils (certainly of

paramount importance in deciding between sands of such variable

types as those between the Kimmeridge Clay and the Chalk) is either

wanting or appears opposed to the claim of large territory for the

Lower ( ireensand. Dr. Fitton quotes no fossils near ( )xford. and only

casts of Sijiliiiiiia and Coniferous wood from the iron-sands of Ucd-

fordshire ; and the Geological Survey has had only a glance at an

Ammonite, winch was supposed to he A. /)> s/un/i sii, on the summit of

a hill near Oxford, from which I obtained quite a different Ammo-
nite, apparently of an Oolitic group, with other shells not such as

to authorize the adoption of their sandy matrix into the Cretaceous

family.

* Mr. R. ICllicrid^'c lias utilised mc wit h this not ire el' In- m-;uvIi.
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2. On the Association of the Lower Members of the Old Red Sandstone
and the Metamorphic Rocks on the Southern Margin of the

Grampians. By Prof. R. Harkness, E.R.S., E.G.S.

[Abstract.]

The area to which this paper referred is the tract lying between
Stonehaven and Strathearn, including the south-eastern flanks of

the Grampians for about two-thirds of their course. Metamorphic
rocks, trap-rocks, the Lower and Middle members of the Old Red
series (the former being sandstone, and the latter conglomerate),

are the constituent rock-masses of tbe district, and give it its pecu-

liar physical features. The mode in which these rocks are associated

is well exhibited in the section on the coast (at Stonehaven), and in

the several sections in the interior where streams lay bare the rocks.

Sections at Stonehaven, Glenburnie, Strathfinlass, North Esk, West
Water of Lethnot, Cruick Water, South Esk and Prosen, Blairgowrie,

Dunkeld, Strathearn, and Glenartney, were described in detail.

Against the north-westerly dipping metamorphic schists (which

sometimes include conformable limestones) come purple flagstones,

but usually separated from them by trap-rocks, having the same
strike. These flagstones pitch to the south-east, but retain a high

angle away from the schists, and, in many places, are intercalated

with beds of trap. The lower purple flagstones are unfossiliferous

;

but higher up tracks of Crustaceans (Protichnites) have been dis-

covered by the Rev. H. Mitchell. The grey fossiliferous flagstones

of Eorfarshire succeed, still with a steep dip. Conglomerates succeed,

in beds having a less inclination, gradually becoming more and more
horizontal as they reach the low country.

The axis of the elevation of the Grampians thus appears to be

along their southern margin, and to be marked by the trap-rocks

separating the metamorphic schists and the purple flagstones of the

Old Red series, and giving the latter their general south-easterly

dip. As the metamorphic rocks of the Grampians have not yielded

any fossils, their relation to the other old rocks of Scotland is diffi-

cult to determine.

3. On the Old Red Sandstone of the South oe Scotland. By
Archibald Geieie, Esq., F.G.S., of the Geological Survey of

Great Britain.

[Plate XVIII.]

Contents.

Introduction.

Lesrnahago

:

Silurian.

Lower Old Red Sandstone.

Carboniferous.

"Unconformity of Carboniferous and
Lower Old Red Sandstone.

Pentland Hills.

East Lothian and Berwickshire.

Physical Geography of South Scotland

during the Old Eed and Carbonife-

rous periods.

Introduction.—During the last summer, while carrying on the

Geological survey of the Lammcrmuir Hills, I was particularly
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struck with the number of felspathic dykes by which the Silurian

strata of that region are intersected. It was my wish to ascertain,

if possible, the probable date of these igneous rocks ; and for this

purpose it became ncccssaiy to determine the exact relation between
the Old Red Conglomerates and Sandstones of East Lothian, and
the Old Red Sandstone and Upper Silurian in other parts of South
Scotland. I soon perceived, however, that the determination of this

point had a much wider range than at first sight appeared, and that

in truth it bore directly upon the question of the true classification

of the Old Red Sandstone. The district which promised to afford

the most satisfactory results was the Parish of Lesmahago, where,
according to the section by Sir Roderick Murchjson*, an ascending
series could be made out from the Upper Silurian, through the Old
Red Sandstone, into the Carboniferous group. I visited Lesmahago,
and mapped the boundary-lines of the Lower Old Red Sandstone
and Carboniferous rocks over an area of from 80 to 90 square
miles. The results of this examination, in so far as they bear on
the Old Red Sandstone, form the first and principal part of the

present communication. I shall next refer to the extension of the

Lesmahago features to the north-cast, across the area of the Pent-
land Hills, into East Lothian and Berwickshire, and then point out

some of the bearings of the facts adduced upon the physical geology

of Southern Scotland during the Old Red Sandstone and Carboni-

ferous periods.

LESMAUAGOf.

Silurian,—The basement-rocks of the Lesmahago district consist

of a series of shales and flaggy sandstones belonging to the Upper
Silurian. They form an anticlinal axis in Nutberry Hill, whence
they strike south-west for six miles to beyond the village of Muir-
kirk in Ayrshire, when they are overlapped by Carboniferous sand-

stones. At Nutberry Hill, notwithstanding the contorted character

of the strata, this axis is sufficiently well-marked. Southwards,

however, its regularity is obscured, partly by a large intrusion of

felstone, partly by faulting, which possibly took place prior to the

deposition of the Carboniferous rocks, and partly by the way in

which these rocks overlap and conceal those of older date.

Another Silurian patch occurs in the llaughshaw Hills as the

centre of another anticlinal axis. In both cases it is plain that the

present exposure of Silurian strata in this region, so far removed

from the great Silurian tract to tin- south, arises from the Hex tired

character of flu- country, and the subsequent denudation of the

ridges. It is interesting to observe that the axis of these uYxures

* Quart. Joum. Geol. Soc. vol. xii. n. 17.

t The numerous notes which I made of the details of the geology of Ix-sm.i-

hngo may possibly form the subject of another paper. I need not refer here

to previous writers on the I .anarkshire and Ayrshire rtxks, as my present subject

is a special one. which their labours have not anticipated. I may remark, how-

ever, that the general geolopy of the district is already sketched in Sir Roderick

Murchison's succinct memoir on LfMimhtgp l'arish, Quart. Juurn. Geol. S!oe.

vol. xii. p. 1").
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is from N.E. to S.W., that is, parallel to the general strike of the

country. That other Silurian anticlines will be found in other parts

of this district, seems in the highest degree probable ; and hence we
may anticipate fresh harvests of organic remains from the prolonga-

tion of the Pterygotus-bearing shales of the Logan Water.
Lower Old Red Sandstone.—The Silurian strata, as was clearly

pointed out by Sir E. I. Murchison*, graduate upwards into a per-

fectly conformable series of red shales, sandstones, and conglomerate-

bands, which pass by alternations into a higher and very thick group
of purplish-grey sandstones, often pebbly and conglomeratic. The
whole series above the highest of the Silurian shales must be many
thousand feet thick. That it represents the lower, and perhaps part

of the middle Old Bed, seems to be indicated with sufficient clearness

by the geological horizon and the petrological aspect of the strata.

Through the kindness of — Brown, Esq., of Lanfine, I am in

possession of confirmatory evidence. He informs me that in the

sandstone-quarry of Lanfine, near Newmills, Ayrshire, several speci-

mens of CepTialaspis have been found, some of which are in his

cabinet. A drawing of one of these was sent me ; it is a well-pre-

served buckler of CepJialaspis Lyellii. The Newmills sandstones

form a part of the great series -which stretches eastward by Lesma-
hago and the Clyde, towards the confines of Peeblesshire ; and there

can be no doubt, therefore, that the whole belongs to the Lower Old
Bed Sandstone.

The Lower Old Eed strata, as developed in the neighbourhood of

Lesmahago, present many points of interest, into which, however,

I do not enter at present. There is but one feature to which it is

necessary to advert, viz. that both Silurians and Old Eed Sandstones

are everywhere traversed by dykes of porphyritic felstone, often of

considerable size. These dykes, so far as I have been able to observe,

never intersect the Carboniferous series. I have seen only a single

instance (that of the Nethan section, near Kerse) where the Carbo-

niferous strata are in contact with a felstone-dyke ; and there the

former, in place of showing any trace of metamorphism, present an

unaltered felspathic paste, in which are imbedded fragments of the

subjacent dyke. All the felspathic dykes, therefore, appear to be

older than the Carboniferous, and later than the Old Eed rocks of

the district.

Another series of dykes deserves incidental notice here. They
consist of greenstone, and are found traversing all the other rocks of

the district, igneous and sedimentary, as well as several large faults,

without undergoing any deflection. They preserve their course in

parallel lines from S.E. to N.W., across mountain and valley, at

nearly right angles to the general strike of the country. Of course

they are the latest rocks of the neighbourhood.

The town of Lesmahago stands on a narrow isthmus of Lower

Old Eed Sandstone, which expands westward into the bare heathy

uplands of Ayrshire, while to the east it swells out into the fertile

* Loc. cit.
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undulating region in which lies the valley of the Clyde. The narrow-
ness of the band at Lesmahago arises from the southward prolong-

ation of the great Lanarkshire coal-field, and from the northward
extension of the smaller coal-field of Douglas. That these two
coal-fields were at one time connected down the valley of the Nethan,
and that thus a continuous band of Carboniferous strata stretched

away north from Douglas to beyond Glasgow, can hardly, I think,

be doubted ; and this circumstance becomes of the highest import-

ance in any endeavour to ascertain the true relation of the Carbo-
niferous to the Lower Old Red Sandstone throughout the south of

Scotland.

In the Birkenhead Bum, the Logan "Water, the Blaeberry Burn,
and the Greenock Water, there is a clear passage of the green Silu-

rian shales into the red shales, sandstones, and conglomerate-bands of

the Old lied series. That series dips regularly away from the Silu-

rian axis of JSutberry and Priesthill on the north and north-west
sides. On the east side, however, as already remarked, the succes-

sion is not quite so clear, owing to a fault which throws down the

red sandstones against a low part of the Silurian series. This fault

seems to increase in the amount of throw as it passes to the south-

west. It appears to be overlapped by another tongue of Carboni-
ferous rocks forming the north-eastern prolongation of the Muirkirk
coal-field*. Starting, however, from the section on the Logan
Water, where the whole succession is very clear, and passing north-
eastward by Lesmahago to the Clyde, we find the purplish-grey
sandstones which form the whole of that tract dipping almost uni-
formly E. by N. at from 25° to 45°. There is thus an ascending
series for eight miles, the total thickness of which must be at least

12,000 feet, and is probably more. Again, along the north flank of

the Haughshaw Hills, which consist of the same sandstones, the dip

is still easterly. Their south flank is obscured by another fault,

which has tilted on end both the Old Red and the Carboniferous

beds. In the middle of the hills the Silurian shales come up in an
anticlinal bend as at Nutberry Hill, and are well shown along the

sides of the reservoir at Parishholm, and also in the lower part of

the Parishholm Burn. The axis which they form seems to run on
the east side of that streamlet, and nearly parallel to it. But the

Old Red and Silurian strata in this part of the district are much
disturbed. As we ascend the stream, the sandstones and shales near
the base of the Old Red become twisted, vertical, and broken, and
this character continues until the whole passes under a thick uncon-
formable series of white Carboniferous sandstones forming the crest

of the Cairn Table ridge, and dipping W. by N. at 13°-20°.

Viewed as a whole, therefore, we have in the Lesmahago district

two N.E. and SAW Silurian axes, euch with an encircling zone of

Lower Old Red Sandstone. Their south-western prolongation is

hidden by Carboniferous strata : while towards tin- north-east they

* Without n rc-exnininntion of this pnrt of tin- district, I am unable to uny
decidedly whether the ( 'arl»onifcrous rocks here c>\erlnp the older strata, »r are

faulted against the in. At present I incline to the former opinion.
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gradually disappear, and the Old Red Sandstone then begins to form
an ascending series towards the Clyde, the prevailing dip being

E. by N.

Carboniferous.—I have referred to the tongue of Carboniferous

strata which diverges from the great Lanarkshire coal-field, and
extends up the valley of the Nethan to within a mile of Lesma-
hago. The Douglas coal-field stretches north to nearly the same
distance from the town, and then bends south-westward between the

channel of the jSTethan and the base of the Haughshaw Hills. It

becomes greatly attenuated in the Upper Monkshead Valley, and
appears indeed to thin oft

1

entirely for a short distance. But a fault,

which crosses the glen opposite the farm-house, throws the lime-

stones and coals in again along the west flank of Hareshaw Hill,

where the black-band ironstone was once extensively mined. From
this point the Carboniferous rocks expand into the Yalley of the

Ayre, and up to the summit of the hills by which that valley is

bounded on the south. Here and in the Douglas coal-field, although

the surface often shows little else than a wide expanse of barren

moorland, it nevertheless conceals mineral deposits of great value

;

and hence districts which a few years ago coidd boast only a few
widely scattered hamlets, are now becoming dotted with chimneys
and traversed by railroads.

A careful working-out of the details of the Carboniferous system

as developed in the Lesmahago district would doubtless amply
reward the labour. Especially full of interest are the alternations

of marine and terrestrial strata, the disappearance of certain beds

over particular areas, and the thickening and thinning of coals and
limestones, as well as shales and sandstones in particular directions.

Some of these appearances obtain, I believe, their true explanation

in the unconformable relation of the Carboniferous to the underlying

Red Sandstones to which I shall immediately advert. My observa-

tions among the Carboniferous strata were almost wholly confined to

the lower limestones and the beds below them-—in short, to the base

of the Carboniferous series where it rests on the Old Red. The
features of the junction-line I shall now proceed to describe.

In no part of the district can the junction of the Carboniferous

and Lower Old Red Sandstone be more clearly made out, than along

the southern margin of the Auchenheath coal-field, about a mile

north of Lesmahago. By descending the streamlet called Kerse

Gill, which skirts the south side of some lime-quarries and falls into

the Nethan below Kerse House, we obtain a good section of both

formations. Near the bridge south of Kapeshall, Old Red Sand-

stones are seen dipping 45° E. of N. at 25°-30°. The same series can

be traced down the channel of the stream for fully half a mile, the

general dip being E. by JST. At the bridge above the lime-quarries,

the sandstones are mottled, purple, and white, flaggy and micaceous,

traversed by two small felstone-dykes. Below this bridge, the sand-

stones continue with the same dip, but are much whiter—so white,

indeed, that at first, I doubted whether they were not Carboniferous.

It was not long, however, before I satisfied myself that they really
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belonged to the Old lied series. Below these pale sandstones, no
rock is visible in the streamlet for some way, until at last we come
to Carboniferous sandstones, shales, and limestones, full of fossils,

dipping northerly at 5°—10°. These occupy the bed of the Burn for

a short distance, when the dip changes to \V., and they then sweep
round the west side of the Nethan Valley, as far down as the foot-

bridge, where they cross the river and ascend the valley on the east

side. Their boundary-line then turns sharply round to the north,

skirting the side of Black Hill, and curving round the north end of

that hill, down into the vale of the Clyde near Crossford. By com-
paring the line now described and its attendant dips with the strike

of the Old Red Sandstones, it will at once be seen that the one is as

nearly as may be at right angles to the other. The Bed Sandstones

dip steadily eastward at considerable angles, while the Carboniferous

undulate gently to the north and north-west. It cannot for a

moment be held that any fault intervenes between the two forma-
tions ; for the sinuosity of the junction-line and the undisturbed

position of the Carboniferous beds forbid such an explanation.

There is only one locality in this part of the district where the 1

actual base of the Carboniferous series is seen. It is in the channel

of the Nethan, below the foot-bridge already referred to, where a set

of Carboniferous sandstones, with large stems of Lepi/toJ, nitron and
Sigillaria, graduates downwards into a conglomerate, resting on a

porphyritic felstone in the Old Bed series. These dykes of felstone,

as 1 have already remarked, never cut through Carboniferous strata.

It is presumable, therefore, that they are older than these. But in

the present instance, not only does the igneous rock not penetrate the

Carboniferous conglomerate, but the conglomerate is really to a con-

siderable extent formed out of the felstone, since its paste in the

lower part is highly felspathic, and contains moreover distinct frag-

ments of the peculiar rock on which it rests. The larger number of

fragments composing the conglomerate consist of the whitish sand-
stone which 1 have described as occurring at the Cerse Gill, Hence,
though we cannot see here the Carboniferous series actually resting

on Old Bed Sandstones, we yet find it formed partly out of the latter

and partly out of igneous rock, which was intruded into the older

series before the deposition of the Carboniferous group.

The evidence from the Hanks of Black Hill is very satisfactory.

That bill consists of an enormous protrusion of porphyritic felstone,

having a general bedded form on the great scale, and dipping to the

east along with the Old Red Sandstones among which it has been
intruded. It is underlaid by hard purplish-grey sandstones, which
can lie seen at different points towards the south end. dipping

E. by N. at from 2<»° to "M)°. On the cast side of the hill similar

sandstones supervene: they are admirably shown in the channel of

the Clyde, where the dip is still easterly, at from :i<» !•> -J."> . It is

on the truncated ends of these sandstones that the sandstones, shah s,

and limestones of the Carboniferous series have been deposited.

Nothing can he clearer than the general relation of the rocks

along the west Hank of Black Hill. The coals there have been
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worked up to the felstone ; and the underlying limestones do not for

some distance come to the surface. In short, we cannot but perceive

that when the Carboniferous series was being formed, the west side

of what is now Black Hill existed as a precipitous chrf-line, along the

base of which the deposits accumulated, and that consequently the

Lower Old Red Sandstones must have been tilted up and subjected

to an extensive denudation before the beginning of the Carboniferous

series in this neighbourhood. The section, fig. 1, PI. XVIII., repre-

sents the visible relation of the rocks in this part of the district.

The unconformity which I wish to establish is so clearly indicated

in the Kerse section, that this section might be held as decisive for

the entire district. But it may be well to cite another instance,

which occurs at a distance of twelve or thirteen miles S.W. from
Kerse in the parish of Muirkirk in Ayrshire.

The Silurian shales which occupy the higher part of the Nethan
and Pockmair Burn cross over the ridge of hills that divides the two
counties of Lanark and Ayr, and stretch for five or six miles to the

south-west. In the neighbourhood of Priesthill the beds are inclined

at a gentle angle to the north-west. As they strike south-west,

however, the angle becomes greatly higher, and (at least in the bed

of the Greenock Water, below Mansfield) the beds become quite

vertical. This high inclination continues for rather more than a

mile, until, a little below the farm-house of Burnfoot, the vertical

Silurians and a large felstone-dyke which traverses them are over-

lapped by Carboniferous sandstones dipping a little S. of W., at 8°.

The unconformity here is of the most violent kind ; for it consists of

a vertical series overlaid by a nearly horizontal one. These Silurians

form a part of the Nethan series, since as we trace them northward
along the Greenock Water the dip lessens, and they are eventually

succeeded by the red shales of the lower Old Bed group. The general

relations of the rocks in the upper part of the Ayr Yalley are shown
in the section (fig. 2).

The Cairn Table ridge, part of which is crossed by this line of

section, shows the same superposition of gently inclined Carboniferous

sandstones upon a disturbed and vertical Silurian and Lower Old Bed
series.

Again, the boundary-line of the Douglas coal-field corresponds in

its general features to that of the Auchenheath coal-basin north of

Lesmahago. The general dip of the Carboniferous rocks there is

away from the Old Bed Sandstones, which, skirting the basin, are

usually inclined to the east. A fault running along the Kethan
Valley from the Trows to Cummerhead has greatly disturbed the

Carboniferous limestones along its course ; but the connexion of the

different rocks, after other parts of the district have been visited, is

nevertheless quite apparent. If we coidd restore the strata here to

their normal position, we should find the same unconformity as in

other parts of the district ; for no sooner does the fault die away to

the north-east than the unconformity becomes at once apparent. At
Boghill and Porcheek, for instance, the Old Bed sandstones are seen

dipping easterly at 25° ; while immediately to the south the Carboni-
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ferous limestone is quarried at Auchtool dipping S. by E., that is,

almost at right angles to, and along the denuded edges of, the Old

Red Sandstone bank to the north.

Sufficient evidonce has probably now been adduced to prove that,

in Lanarkshire and Ayrshire., strata belonging to the Carboniferous

Limestone series rest unconformably upon certain sandstones and
shales of Lower Old lied and Silurian age. Some of the features of

this unconformity must be briefly noticed.

One of the first facts which struck me when I began the examina-

tion of this district was the entire absence of the vast mass of strata

below the Carboniferous Limestone, known in the Lothians as the

Lower Carboniferous group and the Upper Old Red Sandstone. I

had traced these strata from Mid-Lothian down into Lanarkshire,

not more than 15 miles distant from the district under review, and

I therefore looked to meet with them below the Carboniferous Lime-

stone of Lcsmahago ; but they do not exist there.

Another feature which soon presented itself was the fact that,

taking as a line of measurement a certain bed of marine limestone

the outcrop of which is tolerably well known, the thickness of beds

between the limestone and the underlying red sandstones varied

considerably throughout the district. Thus at Auchtygemcl, the

section on the Nethan shows a depth of Carboniferous strata below

the limestone of perhaps less than 100 feet; while along the margin

of the Auchenheath basin generally, the thickness appears to be

always below 200 feet. At the bend of the Nethan below Gateside.

these strata are (I quote from memory) somewhere about 50 or 60
feet. At Hallhill, on the west side of Black Hill, the limestone

comes to rest directly on the Old Rod and its associated porphyry ;

and the same seems to be the case at Auchmcden. From this latter

locality, however, as we trace the limestones to the south-cast, there

gradually intervenes between it and the Old lied an increasing

thickness of white and reddish sandstones. These are well exposed

in a series of quarries on the top of a wooded eminence called Stone

Hill, in Carmichael Parish. From where the Old Red series is

covered by the Carboniferous sandstones south of Drumaben, to where
the limestone crops to the west of Stone Hill, is rather more than a

mile ; the angle of dip at the quarries varies from 20° to 25°, while

at Drumaben it is only s°: but taking it at an average of 15°, the

thickness of strata between the limestone and the Devonians will

probably be more than 1 <)••() feet. I had not an opportunity of

ascertaining how far these beds extend southwards.

The other side of the Douglas coal-field, skirting the south-east

flank of the Haughshaw Hills, is bounded by a marked X.K. and S.W.

fault, whereby both the Carboniferous and Old Red series are tilted

on end. Though I did not ascend the Cannacoup and Kinnick Water-.

I had little doubt that this fault was thinning away to S.W., and

that the same series of sandstones which occurs at Stone Mill would

be found at the head of these streams stretching westward into

Ayrshire. When on the top of Cairn Table, it seemed to me highly

probable, from the contour of the hills, that the grey Carboniferous

VOL. XVI. PART I. J \
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sandstones which cap the Cairn Table ridge also occur along the hill-

tops to the eastward, and hence they would range by Kinnickfoot

into the Douglas coal-field.

It appears, therefore, that the Old Eed Sandstone and Silurian

hills to the south are flanked by a thick series of Lower Carboniferous

sandstones, but that a short way northward, as we advance in the

direction of the great coal-fields, this series thins rapidly away to

about 50 or 60 feet in some places. Even at their greatest thickness,

however, these sandstones but poorly represent the enormous depth

of Lower Carboniferous and Upper Old Eed sandstones in the Lothians

and Berwickshire.

The lithological aspect of the base of the Carboniferous group in

the Lesmahago district varies considerably in different localities.

Along the southern line, where the thick Lower Sandstone series

occurs, the basement-beds are reddish and conglomeratic. In the

Monkshead Glen they are very red, marly, and sandy, with fronds of

a Sphenopteris. At Glenbuck they consist of hard, reddish-grey, false-

bedded sandstones. Below Kerse on the Nethan, the lowest bed I

have already described as a conglomerate formed partly out of pale

Old Bed Sandstone, and partly out of a whitish porphyry-dyke on

which the conglomerate at the point of section rests. In short,

towards their base the Carboniferous rocks assimilate in general

aspect to the Old Bed Sandstones below. This resemblance is suffi-

ciently close to lead one at a first glance into the belief that there is

a gradual passage of the one series into the other. But the peculiar

purplish-grey or chocolate colour and the fissile flaggy structure of

the Old Bed sandstones never, so far as I have seen, shade into the

brick-red hue and false-bedded character of the Carboniferous rocks.

Finally, from what has been stated above, and from the accom-
panying Map, it will be seen that the base of the Carboniferous series

rests successively upon many different horizons, alike of the Silurians

and the Lower Old Bed Sandstones. Such a transgressive line shows
very clearly the unconformable relation of the Carboniferous beds to

the older strata on which they lie.

Pentlmul and Lammermuir Hills.—Having ascertained that be-

tween the Carboniferous Limestone series and the Lower Old Bed
Sandstone there existed in Lanarkshire and Ayrshire a decided un-

conformity, I knew from previous examination that the same physical

break must occur between the Upper and the Lower Old Bed Sand-

stones. With the experience of the Lesmahago sections, I again

visited the Bentland Hills, in company with Professor Bamsay, and

found that the localities mutually explained each other.

In the memoir to accompany sheet No. 32 of the Geological Survey

of Scotland, I have described in detail the structure of the Pentland

Hills. It is only needful to mention here that the richly fossiliferous

shales of the Upper Ludlow rock of that locality are overlaid by
conformable red shales, sandstones, and conglomerate-bands which,

there seems no reason to doubt, correspond to the similar series of
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beds which at Lesraahago form the base of the Lower Old Sand-
stone. These Silurian and Old lied shales are covered unconform-

able' by a thick group of sandstones and conglomerates forming the

Upper Old Red Sandstone, and the Lower Carboniferous or " Cal-

ciferous Sandstone*" series of the Lothians. (Fig. 3.) Here, then,

we find part of the great series of strata which is wanting at Lcsma-
hago. We see too that, just as at Lesmahago, there is a strict

stratigraphical succession through the Upper Silurian and the Lower
Old Red Sandstone of that district ; so at the Pentlands there is an
equally perfect sequence through the Carboniferous and Upper Old
Red Sandstone. The line of physical break occurs, therefore, in the

Old Red Sandstone. The upper part of that formation graduates

upward into the Carboniferous series ; the middle and lower portions

pass down into the upper Silurian ; and between these two gradua-
ting series there is in the Pentland Hills, as in Ireland, a well-

marked and even violent unconformity.

As the southern districts of Scotland become more thoroughly ex-
plored, more especially to the south-west, the area of Lower Old Red
Sandstone and Upper Silurian strata will probably be greatlyenlarged

;

and I have little doubt that the same unconformable relation will

everywhere be found to characterize the junction of the Carboniferous

and Upper Old Red Sandstones with the older rocks.

There is, however, one other area of Upper Old Red Sandstone

south of the Forth to which I would advert,—that of East-Lothian

and Berwickshire. The flanks of the Lammermuirs arc encircled by
a more or less continuous zone of red sandstone and conglomerate,

resting unconformably on inclined Lower Silurian shales and grits.

These strata pass insensibly upwards into the Carboniferous series
;
as,

for instance, along the coast at; Cockburnspath, and in the neighbour-
hood of Dunse. Below the passage-beds, the thickness of this Old
Red series is sometimes very considerable. Thus, along the eastern

end of the hills, the great conglomerate south of Dunbar must be a1

least 1500 or 2000 feet thick
;
and, though the greater part of this

conglomerate is representative of the sandstones and marls of other

parts, there is still a considerable depth of sandstones between its

top and the passage-beds into the Carboniferous series.

In the red sandstones of this district, fossils have been found in

several localities.

The late Dr. Fleming informed me that he had found scales of

Hohptifdiiux in the red sandstones of Sicear Point, that is, not far

from the base of the Carboniferous scries. Similar scales and teeth

were found many years ago by Mr. Stevenson in the equivalent

sandstones in the neighbourhood of Dunset. I have myself found

them in considerable abundance along with much-mutilated remains

of plants ; and Mr. Stevenson informs me that a very perfect specimen

of Cyclopteris was found in the same neighbourhood some years ago.

* Cahiferom SamLstmirs, tlic name piven by Mr. M'f-aren to the irrc.it sand-

stone series below the Carboniferous Limestone of the Lothians.

t It seems very certain, however, that these remains are not those of Hnloptij-

rtiiiis. 'j'hev stronijlv resemble some which have hefn assigned to As/rroftpis.

2 a 2
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There can be little doubt, therefore, that the red sandstones, marls, and
conglomerates of the soiith-east of Scotland are the representatives

of the " Dura Den Yellow Sandstones," and the " Upper Old Red "

of Ireland . They differ very widely in aspect from the Lower Old

Eed sandstones of Lesmahago ; and if these sandstones were present

in Lammermuirj they would be found to be covered as unconform-
ably by the Old Red conglomerates and sandstones of East Lothian

and Berwickshire, as, a few miles to the west, they are by the Old
Red and Carboniferous conglomerates and sandstones of the Pentland
Hills.

In short, throughout the whole of central Scotland the Upper or

Holoptychius-beds of the Old Red Sandstone are found to graduate

by almost imperceptible stages into the Lower Carboniferous series.

The two formations form one great lithological whole ; and we can in

general define their mutual limits on the map only by an arbitrary

shaded line. But they are both strongly marked off from the great

series of chocolate-coloured sandstones of Lanark and Ayrshire, alike

in mineralogical, stratigraphical, and palaeontological aspect. That
series graduates downward into® the Upper Silurian, with which it

forms one continuous whole ; and between these two formations and
the two former, occurs the great physical break above described. In
fine, the Upper Silurian and the Lower Old Red Sandstone of south

Scotland form physically one connected group, the Upper Old Red
and Carboniferous form another, and the two groups are everywhere
separated by a marked unconformity.

Physical Geography of South Scotland during the Old Red Sand-
stone and Carboniferous periods.—The

_ facts presented in this paper

seem to afford some indication of the contour of the southern part of

Scotland during the accumulation of the Old Red Sandstone and
Carboniferous series.

At the commencement of the Upper Old Red period, the Silurian

and Lower Old Red Sandstone had been considerably altered from

their original horizontal position. In the district of the Pentland

Hills the disturbance amounted even to verticality, while in Lanark
and Ayrshire it consisted of a series of gentle anticlinal folds, which,

however, seem to have been materially increased in inclination during

,

subsequent periods. Probably more or less in connexion with this

disturbance are the numerous and often extensive protrusions of

felspathic rocks which intersect the tilted strata. Much additional

light requires to be thrown on these changes, as well as on others

which may have taken place during the interval represented by the

unconformity above described. At present we know little more than

that the disturbing movements had ceased before the commencement
of the Upper Old Red Sandstone.

It was on the uneven surface left by these movements, that the

Old Red conglomerate and sandstones of the Lothians and Berwick-

shire began to be thrown down. I think there is good evidence to

prove that, when this period began, the great Silurian region of South
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Scotland stretched away from south-west to north-cast as a long

island, indented by narrow inlets and curving bays. Some parts of

the coast-line were low and sandy ; but a large portion seems to have
resembled the existing coast at St. Abb's Head, and to have risen as

a perpendicular cliff-line worn into clefts and stacks, and deep ocean

caves. The sea probably ran in broad sounds between this island

and the Cumbrian mountains on the one side, and the southern flank

of the great Grampian chain on the other.

From the commencement of the Upper Old Red and onwards
through the Carboniferous, the land underwent a process of sub-
sidence, which, though in its later stages often retarded and even
reversed, yet continued the dominant movement in this part of the

country.

As it went on, the long Silurian and Lower Old Red island became
narrowed in outline, the bays on either side advanced nearer to each

other, until by degrees they met, and the main island merged into

an archipelago. The stages of the subsidence, in so far as they can
be made out in the region of Lammermuir, will shortly be described

in the Memoirs of the Geological Survey. "What I more especially

wish, to point out at present is, that from the facts presented in this

paper we were led to notice that the west part of the island con-

tinued above water long after the eastern part had become submerged.
That area which now forms the southern portion of Lanarkshire and
Ayrshire, perhaps along with much of the adjacent district, continued

to be land when the site of the Lothians and Berwickshire had sunk
below the sea and become covered over with many thousand feet of

sedimentary matter. It was not until the whole of the Upper Old
Red Sandstone, and nearly the whole of the Lower Carboniferous

group had been deposited, that the bases of the Lcsmahago Hills

were washed for the first time by the waves of the encroaching sea.

Either, therefore, the south-western district of Scotland must have
stood several thousand feet higher than the south-eastern, or the

rate of submergence must have been greatly more rapid over the

latter area than over the former.

It would be premature, without many more additional details, to

decide which of the two suppositions is the true one, although a

difference in the rate of submergence seems at present best to explain

the facts. There are also other points connected with the ancient

physical geography of southern Scotland on which 1 much wish to

touch ; but I must delay their consideration until I am able to lay

before the Society the results of another visit to the uplands of

Peebles and Lanark.
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February 1, 1860.

Thomas Pease, Esq., Westbury, Gloucestershire, was elected a

Fellow.

The following communications were read :

—

1. On some Fossils from the Grey Chalk near Guildford.

By R. Godwin-Austen, Esq., F.R.S. F.G.S.

[This paper was withdrawn by permission of the Council.]

(Abstract.)

In the cast of the body-chamber of a large Nautilus elegans, from
the Grey Chalk of the Surrey Hills, near Guildford, the author

found (the specimen having been broken up by frost) some lumps
of iron-pyrites, and numerous specimens of Aporrhais Parkinsoni,

with fragments of TurrUites tuberculatum, Ammonites Coupei, A.
varians, and Inoceramus concentricus. These species are either rare

in the Grey Chalk or not known to the author as occurring in this

bed ; and he believes that the specimens referred to were accumu-
lated in the shell of the Nautilus (possibly by the animal having
taken them as a meal shortly before death) at a different zone of

sea-depth to that in which the Nautilus and its contents sank and
became fossilized. Mr. Godwin-Austen referred to these specimens
as being indicative of the contemporary formation of different

deposits with their peculiar fossils, at different sea-zones ; of the
transport of the inhabitants of one zone to the deposits of another

;

and as a possible explanation of the abundance of small angular
fragments of Mollusks, Echinoderms and Crustaceans in the midst
of the very finest Cretaceous sediment.

2. On some Cretaceous Rocks in the South-Eastern Portion of
Jamaica. By L. Barrett, Esq., F.G.S., Director of the West
Indian Geological Survey.

Below the thick Tertiary deposits in Jamaica are found thin beds of

fossiliferous Emestone, underlaid by igneous rocks. These strata

form the subject of the following communication.

The newest bed of the fossiliferous limestones is exposed on the

north side of the Plantain-garden River, three miles west of Bath.

This section shows a bed of compact limestone, 8 feet thick, resting

on a thick bed of conglomerate, and overlaid by shale.

The shale is of a dark colour and without organic remains. The
limestone is compact and grey, with thin veins of calc-spar ; it con-

tains numerous fossils, all of them characteristic of Cretaceous or

other Secondary strata, viz. Inoceramus, Hippurites, and Nerhwea.

The conglomerate is composed of rounded pebbles of igneous

rocks and a white fossiliferous limestone ; it is succeeded by a great

thickness of unfossiliferous black shale.
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of a mile higher up the river there is a section of sonic

vertical beds of limestone, probably older than the

series already described. A bed of conglomerate sepa-

rates them from great masses of porphyry. This

section (see woodcut) exhibits thin bands of lime-

stone, alternating with shale, containing limestone-

nodules. Some of the thin bands of limestone are

crowded with fossils, principally Inoceramus, Hip-
purites, and a species of Bulla (?).

These fossiliferous beds are succeeded by a bed of

conglomerate, 12 yards thick, composed entirely uf

pebbles of porphyry, identical in structure and colour

with the adjacent mass. The conglomerate is not

altered at its junction with the igneous rock. The
porphyry in contact with the conglomerate is of a

purple colour, and contains small crystals of felspar
;

in some places it is made up of large felspar-crystals

imbedded in a dark cellular base (the cavities being

sometimes filled with kernels of carbonate of lime)

;

and at the distance of an eighth of a mile it passes

into an amygdaloid. The porphyries are divided by
a bed of conglomerate 30 yards wide.

A thick bed of grey limestone crosses the medial

ridge of mountains, at an elevation of 2500 feet above

the sea ; and at a distance of twelve miles from the

east coast its strike is N.W.—S.E., and its general

dip N.E. ; it rests on numerous alternations of igneous

rock, shale, and conglomerate. The following is the

descending order at Cold Ridge :
—

Grey limestone containing Hippwrites, and with
black flints enclosing Ventriculites, <ke., resting on
a ragged surface of porphyry (the cavities in the

upper surface of the porphyry sometimes filled with

fossil shells). The porphyry is succeeded by a

thin bed of shale ; the shale by thick beds of horn-

blende-rock, divided by a bed of conglomerate en-

tirely composed of rolled fragments of the same ig-

neous rock.

The porphyries and hornblende-rocks of these lo-

calities are evidently interbedded, as they have not

altered the stratified rocks in contact with them, and
are divided by beds of shale and conglomerate (the

conglomerate being composed of fragments of the

lower volcanic rock).

There can be no doubt that the fossiliferous lime-

stones are of Cretaceous age,—the family Jun/iatis

being characteristic of the Cretaceous rocks both of

Europe and America, and Iiioaranuis and Xiriuau

being peculiar to Mesozoio strata.

Sir H. l)e-la-Bcche, in his memoir on the (ieology
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of the East of Jamaica *, referred these rocks to the palaeozoic series

("Transition"); but he was guided entirely by mineral characters,

not having found any organic remains.

It is also evident that the igneous rocks forming the base of this

series, and interstratified with some of the shales and conglomerates,

were erupted prior to the deposition of the Cretaceous limestones,

and at intervals of time sufficient for the formation of the interbedded

aqueous strata.

The second and third of the above-described sections much re-

semble those of the Penquenes ridge of the Andes (described by
Darwinf), where porphyries, which had flowed as submarine lavas,

alternate with conglomerates, composed of the same rocks, and

overlaid with beds containing Cretaceous fossils.

3. On the Occurrence of a Mass of Coal in the Chalk of Kent.

By E. Godwin-Austen, Esq., F.B.S., E.G.S.

The first notice which appeared in the public papers relative to

the coal found in the Chalk of Kent was the following :

—

" Coal discovered in Kent.—While the workmen employed on the

London, Chatham, and Dover Eailway were engaged in tunnelling

between Lydden-hill and Shepherdswell, a few miles from Dover,

they came upon a fine seam of coal, and, what is most remarkable,

the coal is on all sides surrounded with chalk, with the usual seams
of flint as are seen on the cliffs of Dover. The more the seam is en-

tered upon the better becomes the quality of the coal. Altogether

it is an interesting study for geologists, and may probably in a short

time become of vast importance to commerce and the community."

—

Dover Chronicle.

To this succeeded an account of the visit of Messrs. Maiden and
Andrews (of the East Kent Natural History Society) :

—

" The Discovery of Coal in Kent.—In accordance with the arrange-

ment made at the last meeting of the East Kent Natural History

Society, the Eev. B. S. Maiden and Mr. A. B. Andrews visited

Lydden on Monday, for the purpose of ascertaining the facts with

reference to the alleged discovery of coal. It appears that the sub-

stance found is in reality coal, though its occurrence in the position

in which it lay is difficult to explain. The workmen engaged in

executing Lydden tunnel found imbedded in the chalk, at a depth of

180 feet, a mass of coal weighing about 4 cwt. "With the exception

of this lump no other coal has been seen. In their walk through the

tunnel the visitors saw great numbers of flints in the chalk, and also

veins of clay and apparent faults in the formation, but where the

coal was found there was nothing of the land. The chalk here was

solid, without fault or fissure. The coal is bituminous, containing

veins of ferruginous clay. Mr. Maiden having applied a lens, it took

* Trans. Geol. Soc. 2nd ser. vol. ii. part 2. p. 143.

f Darwin's ' Naturalist's Voyage,' p. 319.
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fire in a short time. The visitors brought away a specimen, weigh-
ing about 31 lbs., which Mr. Walker, the sub-contractor, courteously

caused to be sawn off, and which the East Kent Natural History
Society will present to the Canterbury Museum. The discovery of

coal under the circumstances described is, we believe, extremely
unusual."

—

Kentish Gazette, Oct. 6th, 1859.

It was not until after this that I put myself into communication
with Mr. Mills, the engineer in charge of the construction of the line

in question. Writing to me on the 3rd of November, he says,

—

" There is no sign of coal in the tunnel now ; we found one lump
only, about 4 cwt."

In December I received from the same gentleman a portion of the
coal so met with. He observes,—" On it you will perceive some of

the chalk-bed in which it was lying. Its immediate bed was chalk
strongly tinged with an iron-rusty colour. There was only one mass
of coal, from about 4 to 10 inches thick and about 4 feet square."

These particulars are confirmed by inspection of the specimens
here exhibited.

The points of interest which suggest themselves are mainly refer-

able—1, to the age of the coal ; 2, to its occurrence in the Chalk.

1. The mass in question is undoubtedly a vegetable product, origi-

nally formed on some terrestrial surface ; and was part of a bed of
Carbonaceous matter, parted by thin seams of femiginous deposit.

It is bituminous; burns readily in the flame of the spirit-lamp,

giving off a peculiar smell like that of retinasphalt. In these, as in

its external characters, it resembles some of the Oolitic coal of our
own area and some of that of the Wealden of the Continent. It is

probably of Oolitic age ; it is certainly unlike any coal of the true

Coal-measures.

2. The specific gravity of this coal precludes the supposition that

it could have floated away of itself into the Cretaceous sea.

Considering its friability, I do not think that the agency of a
floating tree could have been engaged in its transport ; but, looking

at its flat angular form, it seems to me that its history may agree
with what I have already suggested with reference to the boulder in

the Chalk at Croydon*. We may suppose that during the Creta-

ceous period some bituminous beds of the preceding Oolitic period lay

so as to be covered by water near the sea-margin or along some
river-bank, and from which portions could be raised off by ice, and
so drifted away, until the ice was no longer able to support its load.

The northern limit of the Cretaceous seas in the European region

reached high enough in latitude to have given the requisite degree
of winter-cold ; and within the same limits there are localities when-
Oolitic si rata formed the const of the Cretaceous sen.

We may confidently look forward to the day when, by the aid of

these extraneous masses which have been dropped over the bed of

the sea of the Cretaceous period, we shall be enabled to lav down, as

on our own charts now, the set of the marine currents of that sea.

* Quart. Journ. Ocol. Soe. vol. xiv. p, 262<
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4. On the Probable Events which succeeded the Close of the Creta-
ceous Period. By S. V. Wood, Jun., Esq.

[Communicated by S. V. Wood, Esq., F.G.S.]

(Abstract.)

The object of this paper was to show that the close of the Secondary

period was followed by the formation of a continent having a great

extent from east to west, and at that time chiefly occupying low
latitudes ; that this direction of continent prevailed throughout the

Tertiary period ; and that in certain portions of the southern hemi-
sphere, particularly in Australia and New Zealand, there have been

preserved portions of the Secondary continent with isolated remnants

of the Secondary Mammalia and Gigantic Birds.

These conclusions were arrived at by a consideration of the direc-

tion of the principal volcanic axes in the Secondary and Tertiary

periods. The Secondary continent was (the author considered)

mainly influenced by volcanic axes which came into action at the

close of the Carboniferous, and continued through the Secondary

Period. These axes were (in the northern hemisphere) that of the

Oural, that of the north of England prolonged into Portugal, and

that of the Alleghanies, having all a north and south direction

;

and (in the southern hemisphere) those of eastern Australia and
New Zealand, having a similar alignement. From this circumstance

an inference was drawn that the Secondary continents had generally

a trend from north to south, governed by volcanic bands having this

direction
;
while, as the Secondary formations indicate a great extent

of sea over the northern hemisphere, the bulk of the Secondary con-

tinent lay in the southern hemisphere.

The elevation of the bed of the Cretaceous sea, it was inferred,

was due to volcanic forces acting from east to west ; and the author

adduced evidence of this action having become perceptible during

the later part of the Cretaceous period. He considered that the

direction of all the Post-cretaceous lines of volcanic action governed

the direction of the continent during the Post-cretaceous period, and

pointed out that these were nearly all in an easterly and westerly

direction, coincident with the existing volcanic band which extends

from the Azores to the Caspian, and thence (with an interval of in-

tense earthquake-action between the Caspian and Bengal) extends

to the Society Isles. He concluded that they gave rise to a continent

extending from the Caribbean Sea to the Society Isles,—many reasons

uniting to show a land-connexion between America and Europe at

the dawn of the Tertiary period, the submerged continent of Oceanica

also indicating the easterly extension of Southern Asia; and that,

since this continent receded to the north at the dawn of the Tertiary

period before the inroad of the Nummulitic Sea (which stretched

from the south-east through Western Asia and Southern Europe,

and was, as the author conceives, the oceanic equivalent of the

Eocene basins of Europe), the greater portion of the deposits formed
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in the interval between Cretaceous and Eocene times must be now
under the Southern Oceans.

The author then adverted to the circumstance that the recent

great wingless Birds and the nearest living affinities of all the

Secondary Mammalia yet known occur only in the Southern hemi-
sphere. From this, and from some considerations as to the Vegeta-
tion, he concluded that, while parts of the Secondary continent yet

remain in that hemisphere incorporated more or less into the Post-

cretaceous continent, other parts of it, such as Australia and New
Zealand, have remained isolated up to the present time to an extent

sufficient to preclude the migration of Mammalia and wingless Birds,

the terrestrial fauna of those lands being the isolated remnant of

that of the Triassic or the Oolitic period. He inferred that the

wingless Birds, excepting the swift Struthionidac, have been pre-
served solely by isolation from the Camivora, which do not appear

as an important family until the Pliocene age ; and he instanced the

Gastomis of the Eocene (which had affinities with the Solitaire and
Notornis) as evidence that the apterous birds had survived until that

period, at least when the true Camivora had not appeared.

An inference was then drawn that the remains of the Secondary

continent, accumulated to the southward, caused cold cm-rents to

flow to the southern shores of the Post-cretaceous continent, causing

the extinction of the bottom-feeding and shore-following Tetra-

branchiata, to which Mr. Wood attributes the destruction of the

(Vstracionts which fed on them, and that of the marine Saurians

that fed on the Cestracionte. The preservation of the Dibranchiata,

nil the contrary, was attributed to their being ocean-rangers. The
extinction of the Megalosaurians he attributed to the effect produced

on vegetation by the alternation of dry seasons during the year,

brought about by a great equatorial extent of land,—the extinction

of the herbivorous Megalosaurians, by this cause, involving that of

the carnivorous.

The author also alluded to the contiguity of volcanos to the seas

or great waters, which he considered to admit of explanation by
( very volcanic elevation causing a corresponding and contiguous

depression, which either brings the sea or collects the land-drainage

into contiguity with the volcanic region : and in conclusion ho
alluded to the law of natural selection and correlation of growth
lately advanced by Mr. Darwin, in the soundings of which he

asserted his belief.
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TO THE

LIBRARY OE THE GEOLOGICAL SOCIETY.

From January 1st, 1860, to March 31st, 1860.

I. TRANSACTIONS AND JOURNALS.

Presented by the respective Societies and Editors.

American Geographical and Statistical Society. Journal. Vol. i.

No. 10.

Coal-trade of Western Pennsylvania, 305.

Produce of English Copper-mines, 306.

American Journal of Science and Arts. Second Series. No. 85.

January 1860. From Prof. B. Silliman, For. M. Q.S.

J. D. Hooker.—On the Origination and Distribution of Species, 1.

A. Morlot.—Archaeology, 25.

F. B. Meek and F. V. Hayden.—New Cretaceous Fossils from Ne-
braska, 33.

J. P. Kimball.—Sodalite and Elseolite from Salem, Mass., 65.

S. S. Lyon and S. A. Casseday.—New Palaeozoic Crinoidea from
Indiana and Kentucky, 68.

M. C. Lea.—Numerical Relations existing between Equivalent Num-
bers of Elementary Bodies, 98.

C. Whittlesey.—Dissolution of Field-ice, 111.

H. St.-C. Deville and Debray.—Platinum and the metals which ac-

company it, 113.

R. Bunsen.— Blowpipe-experiments, 114.

A. Favre's ' Terrains liasique et keuperien de la Savoie,' noticed, 118.

G. G. Shumard's ' Geology of the Jornada del Muerto, New Mexico,'

noticed, 124.

J. W. Dawson's ' Archaia,' noticed, 146.

Art-Union of London. Twenty-third Annual Report of the Council,

1859.

Assurance Magazine. Vol. viii. Part 6. No. 38. January 1860.

Athenseum Journal. For January, February, and March.

Notices of Scientific Meetings, &c.

J. Fleming's ' The Lithology of Edinburgh,' noticed, 55.

J. S. Henslow.—Flint-weapons in the Drift, 206.

' Pre-adamite Man,' noticed, 445.
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Bengal Asiatic Society. Journal. New Scries. No. 91) (1859, No. 4).

II. Pratt.—Influence of Mountain-attraction on the determination of

the relative heights of Mount Everest, &c, 310.

Bent's Monthly Literary Advertiser. Nos. 669-671.

Berlin. Monatsbericht d. k. Preuss. Akad. d. Wissensch. Januar-
Decemher 1859. 1859-60.

Ewald.—Ueberdie pirassischen Bildungender Provinz Sachscn, 347.

Rammelsberg.—Ueber die Oxyde des Cers, und die gelben und rothen

Sulfate seines Oxydoxyduls, 359.—— . Ueber den Magnoferrit vom Vesuv, 302.

II. Pose.—Ueber die Niobsaure, 439, 527.

(I. Ehrenberg.—Ueber Proben des Tiefgrundea im rothen Meere, 569.

. Ueber Beissel's Versuche zur Darstellung kiinstlicher Euesel-

Steinkerae, 685.

Berlin. Zeitschrift der Deutsch. geol. Gesell. Vol.xi. Part 2. Feb.-

April 1859. 1859.

Proceedings, 135-148.

C. Lyell.—Ueber die auf Steilgeneigter Unterlage erstarrten Laven
des yEtna und iiber die Erhebungskratere. Mit Zusiitzen und
Arnderungen des Verfassers ubertra»en von Ilerrn Roth, 1 40 (4pls. ).

R. Ilensel.—Ueber einen fossilenM untjac aus Schlesicn, 25 1 ( 2 plates ).

G. Rose.—Ueber die Melaphvr genannten Gesteine von Ilfeld am
Harz, 280.

A. Delesse.—Ueber die Enstehung der Gesteine, 310.

Breslau. Sechs-und-dreissigster Jahrcs-Bcricht des Schlcsischen

Gesellschaft fur vaterlandische Kultur. 1858.

Von Caniall.—Die neue Auflage seiner geognostichen Karte von
Oberschlesien, 21.

. Theile eines Hirsches gefunden in der tertiiiren Ablagerung
bei Kieferstadtel, 37.

F. Roemer.—Ueber einige Mineralien aus Neuholland, Nordanierika

und Sachses, 38.

H. Goeppert.—Ueber die Flora der pennisehen Formation, 39.

. Ueber die versteinten Wiilder im nordlielu-n Bohmcn und in

Schlesien, 41 (3 plates).

Canadian Journal. New Series. No. 25. Jan. 1860.

F. J. Chapman.—Popular Exposition of the Mineral- ami < ieologv of

Canada, L.

. The Geology of Hell. -villi- and its vicinity, 41.

A. C. Ibmisav's ' The < >ld (ilaciers of Switzerland and North Wales,'

noticed, 51.

J. \V. 1 (auxin's ' Archaia,' noticed, 511.

Prince Albert's Address to tin- Mritish Association, l»4.

If. Owen.— The Orders of l'os.»il and Recent Keptilia, and their Dis-

tribution in time, 73.

Canadian Naturalist and Geologist. Vol. jv. Nos. 2 <!, April to

December IS59.

F. Hillings. Some new Silurian anil Devonian Drachiopmlu from

Canada, LSI | BffUieS I.

W. E. A. Aikin. — -Variable illnminatim: power of Coal-gu^ I8&
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Canadian Naturalist and Geologist (continued).

J. W. Dawson.—Microscopic Structure of some Canadian Lime-
stones, 161.

Decades 1st and 4th of the Geological Survey of Canada, noticed, 220.

Leconte.—Correlation of Physical and Chemical Forces, 291.

. Formation of Oceans and Continents, 293.

T. S. Hunt.—Gypsum and Dolomite, 294 ; Siliceous Rocks, 295.

C. H. Hitchcock.—Lithology of Vermont, 296.

J. W. Dawson.—Devonian and Carboniferous Flora of British Ame-
rica, 297.

E. Hitchcock.—Devonian Granites and Taconic Rocks, 298.

W. E. Logan.—Laurentian Limestones, 300.

E. Billings.—New Brachiopoda and Cyrtodonta, 301.

J. W. Dawson.—Lower Carboniferous Coal-measures of British Ame-
rica, 303.

A. C. Ramsay.—Glacial Phenomena of Canada, 325.

E. Billings.—Fossils of the Calciferous Sandrock, 345 (figures).

. New Silurian Trilobites of Canada, 367 (figures).

Prince Albert's Address to the British Association, 388.

T. S. Hunt.—Some Points in Chemical Geology, 414.

E. Billings.—Fossils of the Chazy Limestone, 426 (figures).

J. W. Dawson's ' Archaia,' noticed, 470.

Canadian News. Nos. 94-100. January to March 1860.

Cape Monthly Magazine. Vol. iv. Nos. 23, 24. 1858. From
Dr. W. G. Aiherstone.

W. G. Atherstone.—A Physician's Holiday [Geological tour from
. Graham's Town to the Kasonga], 273, 328.

Carlsruhe. Amtlicher Bericht fiber die vier-und-dreissigste Ver-
sammlung deutscher Naturforscher und Aertze in Carlsruhe im
September 1858. 1859.

Von Jaeger.—Ueber die geologische Bedeutung der Crystallisations-

kraft, 50.

Walchner.—Ueber Brauneisenstein-Gange, 51.

Sandberger.—Ueber die officiellen geologischenAufnahmen Badischer

Bader, 52.

Veiel.—Ueber die fossilen Vogelreste des Canstatter Sauerwasser-
kalkes, 60.

Daubree.—Formation contemporaine des zeolithes, 61.

Blum.—Ueber Pseudomorphosen von Kalkspath nach Felspath und
Augit, 62.

J. Schill.— Beitrage zur physikalischen Geologie des Schwarz-
waldes, 63.

Krauss.—Ueber die Deutung der Schadelknochen der fossilen Sire-

nen, 63.

Kobell, v.—Ueber das Stauroskop, 63.

Sandberger.—Ueber die Bohrung auf Kohlensaure haltiges Sool-

wasser zu Soden im Herzogthum Nassau, 64.

Carnall, v.—Geognostische Karte von Oberschlesien, 66.

Beyrich.—Ueber einen fossilen Hirsch, 66.

Studer.—Ueber die Hfigel bei Sitten im Wallis, 66.

Gergens.—Ueber einige neu gebildete Mineralien aus einer rami*

schen Diingergrube, 68.

Girard.—Ueber Melaphyr, 69.
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CarLsruho. Amtlicher Bcricht (continued).

Nordmann.—Ueber Knochen-Ablagerungen in Kalkstein, 09.

Roemer, F.—Ueber Siluriscke Spongien aus dem Staate Tennessee,

09.

Volger, 0.—Theorie der Gebirgsbildung und Schichtenfaltung, 70.

Platz.-—Geognostische Mittheilungen iiber einen Theil des Scnwarz-
waldgebirges, 74.

Sandberger.—Ueber die Land- imd Siisswasserfauna des Mainzer Ter-
tiiirbeckens, 70.

Guembel.—Ueber die Gleiebstellung der Gesteinsmassen in den
nordostlichen Alpen mit ansseralpinischen Flotzschichten, SO.

Walchner.—Ueber die Beziehungen der Porphyre des unteren Kiu-
zigtbales im Schwarzwald, &c, 88.

Guard.—Gliederujig des westphalischen Scbiefergebirges, 89.

Fraas, O.—Ueber die Jura-Versenkung von Langenbriicken, 89.

Schill, J.—Lagerungsverhiiltnisse der Tertiiir- und Quarterbildungen
am nordlichen Bodensee und im Hohgau, 90.

Fischer.—Ueber crystallinische Gesteine des Schwarzwaldes, 90.

Volger, 0.—Zur Entwicklungsgeschichte der Mineralien, 93.

Daub.—Ueber das Galmeivorkommen bei Wiesloch, 94.

Wiebel.—Ueber Erhebuugen in Torfmooren, 97.

Bauerkeller, G.—Relief von Heidelberg, 98.

Chemical Society. Quarterly Journal. No. 48. Vol. xii. Bart 4.

Jan. 1860.

Titles of Chemical and Mineralogieal Papers in British and Foreign

Journals published in the year 1859, 297.

Critic. Vol. xx. Nos. 496-508. January to March 1860.

Notices of Scientific Meetings, &c.

R. Owen's ' Palaeontology,' noticed, 332.

S. J. Mackie's ' First Traces of Life on the Earth,' noticed, 39.*>.

Dijon. Memoires de l'Academie Imp. Scienc. Deux. Ser. Vol. vii.

1859.

Nodot.—La Grotte de Fouvent (Ilaute-Saone) : Ossements fossiles et

debris de l'industrie humaine, 1 13 (2 plates).

Dublin. Geological Society of Dublin. Journal. Vol. viii. Part 2.

1859.

A. (iages.—Study of Metamorpbie Rocks, 9.">.

II. .1. 15. Hargruve.—Geology of the Shore between Balbriggan and
Bush, 100 (plate).

F. O'Meara.— Recent Diatomaccie in the Lower Tertiaries of Ilainp-

shire, lOo, iKo.

J. B. Jukes and (J. V. Dunover.—Cteology of Cahcrconree Mountain,
100.

\V. Baily.—Upper Silurian Fossils from Ballycar, 109.

.1. Birmingham.— Drift of West (oilway and Fast Mayo, 111(2 plates).

I*'. .1. Foot.— Pi>si(lonomif<i near Funis, Clare, 11").

J. B. Kinahan.- Ilaut/htonia pacila, 110.

\V. II. Baily.- -Fossils found near Drogheda, 120 (plate).

A. (iages.— Lower Limestone Shale of Droghedn, I2">.

S. Ilaughton.—Anniversarv Address, 12(5.

Apjohn.— Electric Calamine at the Silver-mines, Tipperarv. 1.17.
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Dublin. Geological Society of Dublin. Journal (continued).

S. Haughton.—Felspar and Mica of the Granite of Canton, 159.

J. B. Jukes.—Lower Coal-measures Shales in the Northern parts of

the County of Dublin, 162.

W. H. Baily.—New species of Chiton from the Carboniferous Lime-
stone, 167 (plate) ; list of fossil Chitons, 170.

A. Gages.—Some Rocks from the Cape of Good Hope, 171.

R. Griffith.—Additional Permian locality in Tyrone, 173.

A. Gages.—Vivianite, 176.

F. W. Egan and H. Geoghegan.—Section in the Vale of Ovoca, 179.

S. Haughton.—New Carboniferous Echinoderm, 183 (plate).

Coal of Borneo, 106.

France. Societe Geologique de, Bulletin. Douxieme ser. Vol. xvi.

Feuil. 60-64. 1859.

H. Coquand.—Synopsis des animaux et des vegetaux fossiles ob-

serves dans la formation cretactSe du sud-ouest de la France, 945.

. Vol. xvii. Feuil. 1-6. 1860.

Nickles.—Sur les sources de Plombieres, 15.

W. B. Clarke.—Terrains constates par lui dans la Nouvelle-Galles du
Sud (Australie), 16.

Alb. Gaudry.—Haches trouvees dans le diluvium pres dAniiens, 17.

Lory.—Sur un gisement de calcaire cristallin traverse par des filons

de pegmatite, a Montoir (Loire-Inf.), 20.

. Sur les gres de la Maurienne et du Brianconnais, 21.

Alb. Gaudry.—Sur la decouverte de YOstrcsa Leymerii a Wissant
(Pas-de-Calais), 30.

Ch. d'Orbigny.—Sur l'age veritable des poudingues de Nemours et

des sables d'Ormoy, 34.

Ch. Horion.—Sur le calcaire devonien de Vise, 59.

Binkhorst.—Sur la craie de Maastricht et sur les fossiles de cette

localite, 61.

Ch. d'Orbigny.—Sur le diluvium a coquilles lacustres de Joinville

(Seine), 66.

Buteux.—Sur les silex travailles trouves dans le diluvium pres dAb-
beville et dAmiens, 72.

R. Pumpelly.—Sur quelques traces de glaciers dans 1'ile de Corse

(pi. 1), 78.

Kcechlin-Schlumberger.—Sur le terrain quaternaire de lAlsace, 82.

C. Puggaard.—Sur les calcaires plutonise's de la peninsule de Sor-

rento, 93.

Frankfort. Abbandlungen, herausgegeben von der Senckenber-

giscben Naturforscbenden Gesellschaft. Vol. iii. Part 1. 1859.

F. Scharff.—Ueber den Quarz, 1 (2 plates).

C. Mettenius.—Ueber einige Farngattungen (Clieilanthes und Asple-

nium), 47 (4 plates).

Geneva. Memoires de la Societe de Physique et d'Histoire Naturelle

de Geneve. Vol. xv. Part 1. 1859.

A. Favre.—Sur les terrains liasique et keuperien de la Savoie, 103

(3 plates).
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Geological Survey of Ireland.

Explanations to accompany Sheet 128. 1859.

Sheets 140 & 141. 1860.

Sheet 145. 1860.

Sheets 150 & 151. 1859.

Sheet 152. 1860.

Sheet 162. 1859.

Sheet 184. 1859.

Data and Descriptions to accompany Quarter-sheet 156 of the Maps
of the Geological Survey of Ireland. 1858.

Quarter-sheet 165. 1858.

Quarter-sheet 35 N.E. (Sheet 119). 1858.

Geologist. Vol. iii. Nos. 25, 26, 27. January to March, 1860.

S. J. Mackie.—Common Fossils of the British Rocks, 1.

G. V. Dunoyer.—Stratigraphical position of the Giants' Causeway, 3.

T. Davidson.—Carboniferous Brachiopoda of Scotland, 14, 99 (2 pis.).

H. C. Hodge.—Ossiferous Fissures of Oreston, 26.

S. J. Mackie.—Geological Localities : Folkestone, 41, 81.

Morlot.—Archaeology in relation to Geology, 45.

G. E. Roberts.—Silurian Corals, 55.

II. C. Salmon.—Current Notes on Mineralogy, 62.

T. Austin.—Lower Silurian Rocks at Duncannon and Newtown
Head, 70.

. Fossil human bones at Waterford Haven, 71.

S. Bevan.—Coal-field of South Wales, 90.

Proceedings of Geological Societies, 30, 69, 115.

Notes and Queries, 36, 70, 117.

Reviews, 40, 79.

Geologists' Association, Proceedings. Nos. 2, 3. 1859.

S. J. Mackie.—Geology of the South-east of England, 1.

D. C. Davies.—Coal-field of North Wales, 4.

E. Charlesworth.—Bones of Mammoth from the English Channel, 5.

E. Cresy.—Cretaceous Echinidae, 19, 21.

J. Tennant.—Silica and Flints, 23.

. List of Members. 1859.

India. Annual Report of the Superintendent of the Ocological Sur-

vey of India, and Director of the Geological Museum. 1S59.

. Memoirs of the Geological Survey. Vol. i. Part 3. 1S59.

W. T. Blanford.—Geology of Bancoorah, Midnnpmv, and Orissa,

Bengal, 249.

. Laterite of Orissa, 280.

T. Oldham.—Fossil Fish-teeth {Ceratodus) from Maledi, South of

Nagpur, 295 (3 plates).

Institution of Civil Engineers. Proceedings. Nos. 21 & 22.

Lancashire and Cheshire Historic Society. Transactions. Vol. xi.

for the Session |s5s-59. 1*59.

A. Hume.—Outline of the sea-coast of ( 'hi\-hiiv. 219.

Linnean Society. Journal of the Proceedings. Vol. iv. No. 16.

A. R. Wallace.—Zoological Geography ot'llic Malay Archipelngo, 172.

\ OL. XVI.—PABX I. 2 It
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Linnean Society. Journal of the Proceedings, March 7, 1860, Sup-

plement to Vol. iv.—Botany.

Literary Gazette. New Series. For January-March.

Notices of Scientific Meetings, &c.

J. W. Dawson's ' Archaia,' noticed, 293.

Rose.—Silica and Granite, 312.

R. Owen's ' Palaeontology,' noticed, 389.

London, Edinburgh, and Dublin Philosophical Magazine. 4th

Series. Vol. xix. No. 124. January 1860. From Dr. W.
Francis, F.G.S.

R. P. Greg.—Several new British Minerals, 13.

H. Rose.—The different states of Silicic Acid, 32.

T. W. Atkinson.—Bronze relics in Auriferous Sand in Siberia, 75.

C. Heaphy.—Volcanic district of Auckland, New Zealand, 75.

T. Burr.—Geology of South Australia, 76.

J. E. Woods.—Tertiary deposits of South Australia, 77.

J. Potyka.—A new Mineral containing Niobium, 78.

. No. 125. Feb. 1860.

P. G. M. Cavalleri.—A new Seismometer, 102 (plate).

J. Leconte.—Correlation of Forces, 133.

R. Owen.

—

Polyptyclwdon from Dorking, 158.

S. Allport.—Fossils from Babia, 158.

J. W. Dawson.—Reptiles, Shells, and Myriapod, from the Coal of

Nova Scotia, 159.

P. B. Brodie.— Clieirotherium in the Upper Keuper, 160.

H. Goeppert.—Lower Palaeozoic Flora, 160.

T. Spratt.—Geology of Bessarabia, 160.

T. R. Jones and W. K. Parker.—Mediterranean Foraminifera, Recent
and Fossil, 161.

. No. 126. March 1860.

Deville and Troost.—Specific Gravities of Vapours at high tempera-
tures, 207.

J. Phillips.—Sections at Culham, near Oxford, 235.

R. Harkness.—Old Red Sandstone of the Grampians, 236.

A. Geikie.—Old Red Sandstone of the South of Scotland, 237.

Mechanics' Magazine. New Series. Vol. hi. Nos. 54-66.

Notices of Scientific Meetings, &c.

Milan. Atti dell' I. R. Istituto Lombardo di Scienze, Lettere ed

Arti. Vol. i. fasc. 15-16. 1859.

. Memorie dell' I. R. Istituto Lombardo di Scienzi, Lettere

ed Arti. Vol. viii. fasc. 1. 1859.

Mining Review. Vol. iii. Nos. 70-75.

Notices of Scientific Meetings, &c.

Munich. Gelehrte Anzeigen. Herausgegeben von Mitgliedern der

k. bayer. Akad. d. Wissensch. Vol. xxviii. 1859. Januar-Juni.

Kenngott's ' Uebersicht der Resultate mineralogischen Forschunger

in den Jahre 1856 und 1857,' noticed, 137.
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Munich. Gelehrte Anzeigen (continued).

Von Kochel's ' Die Mineralien des Herzogtkums Salzburg,' noticed,

449.

Von Zepkarovick's ' ]\Iineralogisches Lexicon fur Oestreicht,' no-

ticed, 145.

Von Kokscharow.—DieKrystallisation und die Winkel des russischen

Diaspors, 569.

H. Scklagintweit.—Ueber magnetiscke Beobacktungen in Lidien und
Hochasien, 281.

Von Kobell.—Ueber die Anwendung des pkospkorsauren Mangan-
oxyds in der Titriraualyse und der Pkospkorsaure zur Mineral-

bestimmung, 377.

Neuchatel. Memoires de la Societe des Sciences Naturelles de Neu-
chatel. Vol. iv. 1859.

E. Desor et A. Gressly.—Etudes geologiques sur le Jura Neuchate-
lois (3 plates).

C. Kopp.—Des Variations du Niveau du Lac de Neuckatel pendant

les Annees 1835 a 1856.

. Bulletin de la Soc. des Sc. Nat. de Neuchatel. Vol. v. Parti.

1859.

E. Desor.—La Grotte pres de Rockfort, 8.

Trilobet, Favre, et Desor.—Reckerckes dans le Lac de Neuckatel, 16,

24, &c.

E. Desor.—La Ge"ologie du midi de la France, 54.

New Zealand Journal. Nos. 1-3. Feb. 1860.

Palceontographical Society. Report, March 23, 1849.

. Report, March 23, 1850.

. Report, March 22, 1853.

. List of Officers and Members. 1848, 1851, 1853,

1856, and 1859.

Paris. L'Ecole des Mines. Annales des Mines. Cinq. Sex. Vol. xv.

1859, livr. 1 & 2.

Parrnn.—Sur les <rites mctalliferes do I'allieres (Card), 47 (plates).

De Sanarmont.— Kxtraits de Mineralogie (travaux de 185S), ls5.

J. Niekles, Lan, et De-bief.—Travaux ehemifjuos, 1s5k, 207.

('. Marignac.—Sur les formes cristallines do divers sols, 221 (plates).

T. Oldbam.—Sur la fabrication du for dans l'lnde, ;!"«7.

VilL".—Sur les Salines de Zakrez et les gites de sol ^t inmc du Ifaug-

el-Melah et dAin-IIadjera, 351 (plates).

. Comptes Rendus des Seances de PAcademic des Sciences.

Table des Matieres du Tome xlviii.

E. de Beaumont.— Des fragments d • deux aerolithes tnmbes le !» IV-

combre, 1S5S, dans le Canton de Montrejean. envoves par M. Petit.

II!.

Filbol et Levmerie.— Sur le fossilo de Montrejean, .'US.

Leynierie. Sur le aemlitlie de Montrejean. 146.

Chancel et Moites.-icr. — Sur laioinnosition de l'aerolitho de Montre-

jean, 2(57 et 479.
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Paris. Comptes Rendus des Seances de l'Academie des Sciences.

Table des Matieres du Tome xlviii. (continued).

Laroque et Bianchi.—Note sur les proprietes magnetiques de l'aero-

lithe de Montrejean, 578, 798 et 920.

Wolher.—Sur la composition d'une pierre met^orique tombee en
Hongrie, 403.

Paqueree.—Sur ime substance pulverulente tombee de l'atmosphere

le 12 Mars, 1859, 597.

Lament.—Sur un nouveau puits (arte"sien) fovd a Naples, 994.

Petit.—Sur le bolide du 29 Octobre, 1859, 91.

H. G. de Claubry.—Determination, dans les eaux minerales, des

proportions des acides carbonique ou sulfbydrique, 1049.

Mazade.—Sirr la composition des eaux minerales de Nerac, 879.

I. GeofFroy St.-Hilaire.—Des origines des animaux domestiques, des

lieux et des epoques de leur domestication, 125.

C. Deville.—Memoire sur le tracbytisme des roches, 16.

Vezian.—Sur le systeme de la vallee du Doubs et de l'Alpe de la

Souabe, 107.

Jackson.—Siu' les gisements de l'or dans la Georgie, 638.
• Gaudry.—Geologie de l'ile de Chypre ; texte et carte, 840 et 912.

Arnoux.—Sur un Anthracite du Camboge, 851.

Delesse.—Recherches sur l'origine des roches eruptives, 955.

Pomel.—Sur quelques-unes des revolutions du globe qui ont produit

les reliefs algeriens, 992.

P. Gervais.—Sur un Saurien proprement dit des schistes Permiens de

Lodeve, 193.

Elie de Beaumont.—Remarques sur l'age du terrain d'oii provient ce

Saurien fossile, 193.

H. Ste.-C. Deville etH.Debray.—Recherches sur le platine et sur les

metaux qui l'accompagnent, 731.

Jackson.—Sur la Bornite de Dahlonega et sm les diamants de l'etat

de Georgie, 850.

Gervais.—Sur une nouvelle espece d'Hipparion decouverte aupres de
Perpignan, 1117.

A. Passy.—Sur une grande ovule du calcaire grossiere, 948.

Ollivier.—Description et figure d'un crane fossile de buffle provenant
de la province de Constantine, 1091.

C. Martins.—De l'Echauffement du sol sur les hautes montagnes, et

de son influence sm la limite des neiges eternelles et la vegetation

alpine, 959.

. Lettre sur le rayonnement nocturne, 1065.

Boussengault.—Sur le tremblement qui, le 25 Mars de cette annee

1859, a detruit la ville de Quito, 939.

P. Laurent.—Tremblement de terre ressenti le 6 Avril, 1859, dans les

Vosges, 752.

. Comptes Rendus de l'Acad. des Sciences. Vol. xlix. 1859.

Deux. Semestre. Nos. 16-26.

. . Vol. 1. Prem. Sem. Nos. 1-6. 1860.

Photographic Journal. Nos. 93-95.

Quarterly Journal of Microscopical Science. No. 30. January 1860.

G. C. Wallich.—On Siliceous Organisms found in Salpa, and their

relation to the Flint-nodules of the Chalk, 36 (plates).

Royal Asiatic Society. Journal. Vol. xvii. Part 2.
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Royal College of Physicians. List of Fellows, &c. 1859.

Royal Geographical Society. Proceedings. Vol. iv. No. 1.

Royal Society. Proceedings. Vol. x. No. 37.

J. H. Pratt.—Curvature of the Indian Arc, 197.

A. Matthiessen.—Specific Gravity of Alloys, 207.

Society of Arts. Journal. Nos. 373-384.

D. J. Macgowan.—Metals of Japan, 182.

G. R. Burnell.—Building-stones, 240.

W. L. Scott, T. Reveley, and F. C. Calvert,—Building-stones, 274,
323.

J. Bell.—Art-treatment of Granite, 281, 308.

Statistical Society. Journal. Vol. xxiii. Part 1. March 1860.

Stuttgart. 'Wiirttemberg. Naturwiss. Jahrcshcfte. 16Jahrg. Erstes

Heft. 1860.

D. E. Weinland.—Ueber Inselbildung durch Korallen und Mangrove-
biische im Mexikanischen Golf, 31 (plate).

Von Schiibler.—Ueber Ergebnisse der Bohrarbeiten auf Steinkoblen
in Wiirteinberg, 44.

W. Neubert.—Fahigkeit der Pflanzenwurzel feste oder gebundene
Stofie aufzulosen, 50.

Leube.—Ueber den Torf bei Soflingen, 52.

Fraas.—Ueber den Schactbau von Friedericbshall, 59.

. Ueber Photographische I Jilder von Steinbriicken, 62.

. Ueber Diceras im Sehwiibischen Jura, 120.

II. von Fehling.—Cbeniische Analyse der "Wildbader Thennen, 106.

Tyneside Naturalists' Field Club. Vol. iv. Part 2.

J. W. Kirkby and T. R. Jones.—Permian Entomostraca, 122 (4 plates).

Vienna. Jahrbuch der k. k. Geologischen Reichsanstalt. 1859.

No. 2. April-Juni.

T. v. Zollikofer.—Die geologischen Verhaltnisse von Unter-Steier-
mark, 157 (plate).

. Die geologischen Verhaltnisse des Drannthales in Unter-
Steicrniark, l'<K) (plate).

M. V. Lipoid.—Geologiscbc Arbeiten im nordwestlichen Miihreu,
211) (plate).

K. Korislka.—Berieht iiber oblige in den mahrisch-schlosischon Su-
deten im .lalire I

s5s au-irefulirte I liilienniessungeii, 2.'57.

K. M. Paul. Miu <re(ilogi>ches l'rotil a us dem Ihmdgebiige der
Wiener BeckeliS 257.

.1. N. Wold rich.— I Me Lngeruiigsvcrliiihni-.se des Wiener Sand.-teines

auf der Strecke von Nussdort' his (Jreifenstein, 2<i2 (plate).

(J. Staclie.— Die L'occngebietc in Inner-Krnin und Istrien, 272 (plate).

J. II. Lorcnz.—(leologisehe Ih-eognoscirungon im Liburnischen
Knrste und di-n vorliegi-nden (^iiiirnerisclien Inseln, ;5.'{2.

A. v. iMt li. -Neii'- I lolii-nbestiininungen in der Ilukowinn, der Mnr-
inuros und deni Koloinener Kreisc (ializien's, .'515.

(
'. v. Nbwicki. Der iii-iii- Kupfen'r/.-Aufschliiss im I lanielstollcii bei

Eibenberg nriclist (iraslitz in Boliinen, .'{ lit.
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Vienna. Jahrbiich der k. k. Geologischen Eeichsanstalt. 1859.

No. 2. April-Juni (continued).

K. v. Hauer.—Arbeiten in dem chemischen Laboratorium der k. k.

geologiscben Reichsanstalt, 351.

Verzeichniss der rnit Ende Juni 1859 loco Wien, Prag, Triest und
Pestb bestandenen Bergwerks-Producten-Versckleisspreise, 363.

Verhandlungen der k. k. geologiscben Reicbsanstalt, 83-110.

. . No. 3. Juli-Sept.

J. Jokely.—Der nordwestlicke Tbeil des Riesengebirges, und das

Gebh'ge von Riunburg und Hainspacb in Bohmen, 365 (map).

Von Hauer und von Richthofen.—Bericbt iiber die geologiscbe Ueber-
sicbts-Aufnabme der IV. Section der k. k. geologiscben Reicbs-
anstalt im nordostlicben Ungarn ini Somnier 1858, 399.

K. v. Hauer.—Arbeiten in dem cbemiscben Laboratorium der k. k.

geologiscben Reicbsanstalt, 466.

Verzeicbniss der mit Ende September 1859 loco Wien, Prag, Triest

und Pestb bestandenen Bergwerks-Producten-Verscbleisspreise,

477.

W. Haidinger's Ansprache am 22 Nov. 1859, und Verbandlungen
der k. k. geologiscben Reicbsanstalt, 137-185.

Uebersicbten : Cbemiscbe Analysen, &c, 1-78.

Zoological Society. Proceedings. 1859. Part 3. June-December
1859.

II. PERIODICALS PURCHASED FOR THE LIBRARY.

Annals and Magazine of Natural History. 3rd Series. Vol. v.

No. 25. January 1860.

R. Owen.

—

Polyptychodon interruptus, 68.

S. Airport.—Fossils from Babia, 69.

J. W. Dawson.—Reptiles, Shells, and lulus in Coal, 69.

P. B. Brodie.

—

Cheirotherium in the Upper Keuper of Warwicksbire,
70.

. . No. 26. February 1860.

W. K. Parker and T. R. Jones.—Nomenclature of tbe Foraminifera
(Lamarck's species), 98.

C. Darwin's.—' On tbe Origin of Species,' noticed, 132.

. . No. 27. Marcb 1860.

J. W. Salter.—New Silurian Crustacea, 153 (figures).

W. K. Parker and T. R. Jones.—Nomenclature of tbe Foraminifera
(Lamarck's species), 174.

Edinburgh New Philosophical Journal. New Series. No. 21.

Vol. xi. No. 1. January 1860.

E. Hull.—Glacial Remains in tbe Lake Districts of Cumberland and
Westmoreland, 31 (2 plates).

J. Tyndall.—Thermometric Stations on Mont Blanc, 117.

J. Nicol.—Geology of the North-east of Scotland, l26.

C. Lyell.—Antiquity of the Human Race, 129.

A. Geikie.—Chronology of the Trap-rocks of Scotland, 132.
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Edinburgh New Philosophical Journal. New Series. No. 21.

Vol. xi. No. 1. January 1860 (continued).

H. C. Sorby.—Cone-in-Cone Structure, 132.

D. Page.—Upper Silurian Rocks of Lesmahago, 133.

C. Daubeny.—Certain Volcanic Rocks in Italy, 133.

J. Nicol.—Gneiss, Sandstone, and Quartzite of tbe North-west High-
lands, 134.

T. H. Huxley.—Reptilian Remains found near Elgin, 134.

W. H. Baily.—Tertiary Fossils from India, 135.

A. Brady.—Elephant Remains at Rford, 136.

F. A. Weld.—Egg of Dinomis, and Human Skull, 164.

J. Motley, Coal-formation of Borneo, 166.

J. Hall.

—

Graptolithus, 167.

Hector.—Exploration of British North America, 169.

Leonhard und Bronn's Neues Jahrbucb f. Min. &e. Jahrgang 1859.
Sechstes Heft.

G. G. Winkler.—Allgovit (Trapp) in den Allgauer Alpen Bavems,
641.

A. Knop.—Beitrage zur Kenntniss der Steinkohlenformation und des
Rothliegenden im Erzgebirgischen Bassim 671 (plate).

Letters, Notices of Books, Minerals, Geology, and Fossils.

. -—-. Siebentes Heft.

W. K. J. Gutberlet.—Ueber den Unterschied zwischen scheinbaren
und wirklichen Gesehieben, 769.

J. Barrande.—Ueber die organisehen Ablagerungen in den Luftkam-
mem der Orthoceraten, 780 (plate).

Credner.—Ueber die Pseudomorphosen von Quarz nach Flusspath
von Bischofsrode bei Schlensingen, 799.

H. Goeppert.—Stigmaria, die Wurzeln von Sigillaria, 804.

Letters, Notices of Books, Minerals, Geology, and Fossils.

. 1860. Erstes Heft.

C. F. Naumann.—Ueber die geotektonischen Verhaltnisse des Mela-
phyr-gebietes von Ilfeld, 1 (plate).

G. v. Helmersen.—Ueber Diluvial-Erseheinungen in Russland, 36.

II. R. Goppert.—Ueber die Flora der Silurischen, der Devonisehen
und der untern Kohlen-Formation, 48.

Credner.—Ueber den Dolerit der Pllasterkaute bei Eisenach und die

in demselben vorkommenden Mineralien, •"><;.

Letters, Notices of Books, Minerals, Geology, and Fossils.

III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Itulics.

Atkinson, T. W. Oriental and Western Siberia. 1858.

Bell. J. The Art-treatment of Granitic surfaces. 1S60. From

Prof. Tennant, F.O.S.

Bravard, A. Catalogue des especes d'animaux fossiles reeucillis

dans rAmerique du Sud. 1S(5().
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Bosquet, J. Monographie des Brachiopodes Eossiles du Terrain Cre-

taee Superieur du Duehe de Lenibourg. 1859. From the Minister

of the Interior, Holland.

Burnell, G. E. On Building-stones ; the causes of their decay, and
the means of preventing it. 1860. From Prof. Tennant, F.G.S.

Correspondence between the Government of India and the Asiatic

Society of Bengal, relative to the establishment of a Public Museum
in Calcutta. 1859. From the Government of India.

Dawson, J. W. Archaia ; or, Studies of the Cosmogony and Natural

History of the Hebrew Scriptures. 1860.

Delesse, A. Becherches sur l'origine des roches. 1858.

Deslongchamps, E. E. Catalogue des Cirrhipedes, des Mollusques et

des Bayonnes recueillis par M. E. Deplanche, chirurgien auxihaire

de la Marine Imperiale, pendant la campagne de 1'aviso a vapeur

le Bapide. Anne'es 1S51-55-56. 1859.

. Memoire sur les Brachiopodes du Kelloway-Bock ou zone

ferrugineuse du Terrain Callovien dans le nord-ouest de la France.

1859.

. Notes Paleontologiques. 1859.

. Note sur le Serresius galeatus, Bonap., et sur le squelette de

cet oiseau. 1859.

. Notes sur le Terrain Callovien. 1859.

Forrester, J. J. Companion to Portugal and its Capabilities, or

a word or two more on Port-wine. 1860.

. On the subject of the Material and Chemical changes which

have lately taken place in sundry Port-wines of England. 1858.

Goeppert, H. B. Leber die fossile Elora der Silurischen, der De-
vonischen und unteren Xohlenformation oder des sogenannten

Lebergangsgebirges. 1859.

. Eeber die versteinten "Walder im nordlichen Bohmen und in

Schlesien. 1859.

Eaidinger, W. Ausprache gehalten am Schlusse des erstens De-
cennium der k. k. geologischen Beichsanstalt. 1859.

Hartig, E. Entersuchung iiber die Heizkraft der Steinkohlen

Sachsens. 1860.

Eehert, E. Note sur la hmite inferieure du Lias et sur la composi-

tion du Trias dans les De'partements du Gard et de l'Herault.

. Note sur le Lias Inferieur des Ardennes, suivie de remarques

sur les Gryphees du Lias.

. Observations sur les Phenomenes qui se sont passes k la

separation des periodes geologiques.

. Bapports faits a la Section des Sciences du comite des Societes

Savantes. 1859.
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Helmersen, G. v. Beschreibung einigcr Massen gediegenen Kupfers
die aus russisehen Bergwcrken herstammen und in dem Museum
des Berginstituts zu St. Petersburg aufbewahrt werden.

. Die Salzseen Bessarabiens mid der Einbruch des Schwarzen
Meeres in dieselben im Jahre 1850. 1859.

Hinde, H. G. North-west Territory. Reports of Progress, together
with a preliminary and general Report on the Assiniboine and
Saskatchewan Exploring Expedition. 1858. From the Governor-
General of Canada.

Hochstetter, F. Lecture on the Geology of the province of Xelson.
1859. From the Colonial Government.

Homes, M. Die Fossilen Mollusken des Tertiiirbeckens von Wien.
Vol. ii. (Bivalven). 1859.

Hunt, T. S. Contributions to the History of Euphotide and Saus-
surite. 1859.

. On some points in Chemical Geology. 1859.

. On some reactions of the Salts of Lime and Magnesia, and on
the formation of Gypsums and Magnesian Bocks. 1859.

. Review of A. Farce's Memoire sur les terrains liasique ct

keuperien de la Savoie. 1859.

Kirkby, J. W., ami T. R. Jones. On Permian Entomostraca. 1S59.

Lamont, J. Untersuchungen liber die Richtung und Starke des
Erdmagnetismus an vcrschiedenen puncten des Sudwestlichen
Europa. 1858.—

. Untersuchungen fiber die Richtung und Starke des Erdmag-
netismus in Xord-Deutschland, Belgian, Holland, Danemark in

Sommer des Jahres 1858.

MaeEnery, J. Cavern-researches. Edited by E. Vivian, Esq. 1 nV.i.

From E. Vivian, Esq.

Magnetical and Meteorological Observations made at Bombay in 1857.
1858. From the Secretary of State for India.

Meyer, H. von. Zur Fauna der Vorwelt. Vierte Abtheil. 1860.

Murcki&on, R. I. On the succession of the Older Rocks in the

northernmost counties of Scotland, with some observations on tin

Orkney and Shetland Islands, and on the sandstones of Morayshire

(Elgin, Are.) containing Beptilian Remains. 1S59.

Nisser, P. On the Geological distribution of Gold, with special re-

ference to some Auriferous Rocks in South America. 1 S59.

< >'Rihij, E. Journal of a Tour to Karen-nee for the purpose of opening

a Trading-road to the Shan Traders from Mohyav and the adjacent

Shan States, through that Territory direct to Toungoo.

Owen, R. Paleontology, or a Systematic Summary of Extinct

Animals and their geological relations. 1SG0.

vol. xvi.

—
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Reeve, L. Elements of Conehology. Parts 11, 12, 13. 1859.

Roemer, F. Die Sihirische Fauna des Westlichen Tennessee. 1860.

Shumard, B. F. Notice of Fossils from the Permian Strata of Texas

and New Mexico obtained by the United States' Expedition under

Capt. John Pope for boring Artesian "Wells along the 32nd parallel,

with Descriptions of New Species from these Strata and the Coal-

measures of that Eegion.

Steindacfier, F. Beitrage zur Kenntniss der fossilen Fisch-Fauna

Osterreichs. 1859.

Studer, B. Ueber die naturliche Lage von Bern. 1855.

Tate, G. On the Polished and Scratched Rocks in the neighbourhood

of Alnwick, viewed in connexion with the Boulder-formation in

Northumberland. 1860.

Tennant, J. A description of the Imperial State Crown preserved in

the Jewel House at the Tower of London. 1860.

Weld, C. R. Descriptive Catalogue of the Portraits in the possession

of the Royal Society. 1860. From the Royal Society.
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The following communications were l'ead :

—

1 . On the Probably Glacial Origin of some Norwegian Lakes.
By T. Codrlngton, Esq., F.G.S.

TnE lakes to which attention is called are those so frequently

found situated at a short distance from the head of a fjord on the
western coast of Norway. The fjord and the valley in which such a
lake lies are parts of one mighty chasm hounded by almost perpen-
dicular mountains, which rise often thousands of feet from the water's

edge. The valley generally shows traces of the former existence of

a glacier, and is now occupied by a rapid river. Instead of at once
emptying itself into the fjord, this river falls into a lake, perhaps six

or seven English miles long, but rarely a mile wide, and very deep.

Between this lake and the fjord, there is a barrier consisting of

rolled stones, shingle, and coarse sand, roughly stratified, through

which an outfall has been cut to the fjord. The distances be-

tween some of these lakes and the fjord arc subjoined, from which
the mass of these deposits may be estimated :

—

Lakes.

fSogndals Vand 3] miles from Fjord.

I Haslo Yand 3]
Soguc J Veitstrands Vand \\
Fjord.

]
Skiolden Vand 1

Aardal Vand \\
I^Urland Vand 2

VOL. XVI. PART I.

>> >> >>

,, Haslo.

„ „ Fjord.

j> >> »

» »» »
2 i)
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Lakes.

Evanger Vand
•

f
Eidsfjord Vand

| Gravens Vand

.

(
Bredeims Yand

J Oldens Yand .

*S Lodens Yand .

3 miles from Fjord.

Hardanger
Fjord.

Nord
Fjord.

l^Opstryns Yand*

The height of this harrier may be as much as 120 feet above the

lake, in terraces one above the other. At the inner end of the lake

a similar terraced deposit frequently occurs. This is the case at

Yasenden, at the inner end of Gravens Yand, and at Ssebb at the

inner end of Eidsfjord Yand, which one passes on the way from Yik
to the Yoring-foss. This latter lake is \\ mile long and ^ mile

wide, and, according to the peasants, 200 feet deep. The sides rise

from the water to a height of 1000 feet, so abruptly that land-

ing is impossible. They are smoothed, and striated horizontally

;

and these marks of glacial action continue beyond the lake-barrier

for some distance on the sides of the fjord. The rolled pebbles and
coarse sand, of which the barrier consists, are disposed in terraces at

four distinct levels, the highest being about 100 feet; and similar

terraces, to about the same heigbt, exist at the inner end of the lake.

Stratified deposits of a similar character, disposed in terraces, are

very general, and occur not only where there is no evidence of the

existence of a former glacier, but where the presumption is altogether

the other way. Keilhau has traced such deposits, in connexion with
lines of erosion, from Lindesnces to the North Cape, and has shown
that sea-shells of existing species are constantly found in deposits

the formation of which is intimately connected with that of the

terraces. M. Bravais bas studied in detail the terraces in Alten
Fjord, and describes them as composed of debris brought down by
the rivers, and deposited in what was then an arm of the sea. Ter-

races frequently line the sides of the wider valleys for a considerable

distance from their present junction with the fjord, and in some cases

appear to be the remains of a lake-deposit, much of which has been

cut away by the river, which now runs perhaps 200 feet below. A
moraine-like look is sometimes given by the occurrence of numerous
angular blocks in the stratified sand ; these, however, have come from
the boundary-walls of the valley, whence fragments are detached in

numbers every spring.

But, while bearing in mind these facts, must we not rather attribute

the accumulations, with the deep lakes behind, to glacial action ? "We
must then suppose that the barrier between the lake and the fjord

represents a terminal moraine deposited beneath the waters of what
was then a fjord, at a timewhen a glacier filled thevalleyand stretched

down part of the fjord. A comparatively rapid decrease in the length

* For some of these lakes the writer cannot answer from personal knowledge

;

but it is believed that all, and many others not named, are of the character under
notice.
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of the glacier must then have taken place, to leave the space now
taken up by the lake ; and then another terminal moraine must have
been formed beneath the water, which exists now as the ter-

raced deposit at the inner end of the lake. Another shrinking of

the glacier would leave the hollow for the second lake (where two
exist in the same valley). The terrace-form must have been given
as the moraine was gradually upheaved above the water-level.

The resemblance between these lake-barriers and the ordinary
terraced deposits containing recent shells is so strong as to render a
more detailed examination and comparison interesting. A practised

observer of moraine-deposits woidd perhaps detect the usual charac-
teristics ; and if these notes should serve as a point of departure for

any such, their end will be attained.

The river between the lake and the fjord, cutting through the
very heart of the deposit, often affords good fishing-quarters ; and on
a " blank " day a man might with advantage turn his attention to the

banks of the stream, and search for a scratched pebble or other sign

of the origin of the debris around him.

2. On the Drift and Rolled Geavel of the North of Scotland.
By T. F. Jameson, Esq.

[Communicated by Sir R. I. Murchison, F.G.S. &c.]

Contents.

1 . The Upper Gravel, its distribution

and origin.

2. The Marine Drift of the higher

grounds and Highland glens.

3. Striated and Polished Rock-surfaces
beneath the Drift.

4. High-lying Boidders—dispersion of

blocks from the Ben Muic Dhui
Mountains.

5. Probability of extensive Glacier-

action before the Drift.

G. Extinction of the Land-fauna pre-

ceding the Drift.

7. Sequence of events during the Plei-

stocene period.

§ 1. In a former communication* I gave an account of some features

of the Pleistocene deposits along the coast of Aberdeenshire, showing
that in certain localities remains of marine animals occur of a cha-

racter similar to those met with in the later tertiary beds of the

Clyde district, and, like them, indicating the presence of a colder sea.

The following pages arc devoted chiefly to the Drift of the interior of

the country and of the higher grounds, more especially as regards

thiil part of Scotland lving hctween the Morav Firth and the Firth

of Tay.

In the lower parts of this district we find the drift-hods and brick-

clays covered by a widespread accumulation of water-rolled gravel,

often of great thickness and destitute of fossils. It is poured out in

greatest profusion towards the mouths of valleys, and pervades all

* Quart. Journ. (Seol. Soc. vol. xiv. p. .
r
)09.

2 I) 2
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Fig. 1.

—

Sketch-map of Aberdeenshire and the neighbouring districts,

showing the position of the Fossiliferous Drift, the Crag-beds, the

Chalk-Jtints and Greensand, and the patch of Lias.

Map op the North-
eastern Part op

Scotland.
To illustratePapers by
T. F. Jamieson, Esq.

1860.

Near Gamrie (1) and King Edward (2) Arctic Shells have been found in sandy
strata of the Drift. At Annochie in Rattray Bay (3) Arctic Shells and Fora-
minifera occur in brick-clay (see Q. J. G-. S. vol. xiv. p. 520). At Invemetty
Bay (4) broken Arctic Shells occur in brick-clay. At Auchmacoy (5) the skull

of a Seal and broken Shells have been found in brick-clay {ibid. p. 514). The
brick-clay at Black Dog or Belhelvic (6) contains Arctic Shells. The skeleton of
a Bird was found in brick-clay at Aberdeen, and Fish-bones in brick-clay at

Torry near by (7).
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the river-basins I have examined, decreasing in extent as we ascend

their course.

It is not, however, confined to the neighbourhood of those streams,

but also covers many tracts where no river appears to have existed.

All along the valley of the Dee, from the seaport of Aberdeen to

Braemar, which is situated nearly sixty miles into the interior, this

upper rolled gravel is everywhere to be found, diminishing, however,
greatly in quantity towards the head of the valley.

At Aberdeen it forms large swelling mounds and little hills, on
which a great part of the city and its suburbs is built. In many
places it is spread out in wide horizontal sheets, as at Aboyne, the

Moor of Dinnet, Ballater, and elsewhere. Again, it is met with
tumbled up in tumultuous hillocks or longitudinal mounds parallel to

the strike of the river. But, wherever we find it, it is always clearly

distinguishable from the subjacent drift, 1st, by the absence of the

striae or glacial hurinage on the pebbles
;
2nd, by the highly water-

rolled aspect of the deposit ; and 3rdly, by its looser texture and
different hue,—for the drift in this valley is all of a bluish or brown-
ish-grey colour, while the gravel is of a ferruginous tint. The junc-

tion of the two beds is also in general sharply defined. Nowhere can

it be better studied than at the Moor of Dinnet, which is situated

about thirty-five miles inland, between the villages of Aboyne and
Ballater, and at an altitude of, probably, 600 feet above the sea.

In some of the sections there, I noticed a feature of this gravel

that would seem to indicate the action of a current flowing down the

valley, and not a deposition on the beach of a lake or sea-margin

;

and as I have not seen this character noticed by any one, some
description of it may be useful.

If the pebbly bed of a rapid-flowing river be examined, it will be

found that the stones in it have a tendency to assume a certain

position, which is probably that of greatest resistance to the stream.

Where the stone is of an oval and flattish form (as most water-worn
river pebbles usually arc), this position is not horizontal, but deviates

therefrom in this respect, that it dips towards the current, thus :

—

Fig. 2.

—

Position of an ovalpebble in a sir, am.

Consequently, if you place yourself on a sheet of such pebbles and

look down the stream, you will observe that the stones, as a rule,

Fig. 3.

—

Position of oval pchhles in a sin am.

present their sloping faces to the view (fig. 3) ; whereas if you reverse

your position and lookup the stream, you will see their cuds pointing
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towards you ; and a section through such a bed, parallel to the line

of current, will show the pebbles with a general tendency to that

position. This is best exemplified when the stones are pretty large,

say, from six to twelve inches in length.

Now I observed that the coarse shingle forming the Moor of Din-

net, in some of the fine sections laid open by the river, displayed

this feature,—showing, as I conceive, that it had been lodged by a

rapid current of water flowing down the valley.

This water-rolled gravel I have examined along the Don, the

Ythan, the Deveron, the Findhorn, the Spey, the Tummel, the Tay,

and various other streams, and have found it everywhere to present

similar features. It seems to have been formed out of the pre-exist-

ing drift, being merely the stones and sand of that deposit, the clay

and muddy matter having been washed out. The fragments, how-
ever, have been rolled about so long, that their angularities have been

for the most part ground off and the whole reduced in size. This of

itself would seem to involve a considerable lapse of time, and to for-

bid the supposition of its formation being entirely due to any sudden
rush of water.

It fringes the sides of many of the larger valleys to heights some-
times 200 feet above the adjoining stream, invariably capping all

the drift-deposits, but seems of older date than the submerged forests

and marine beds of the raised beach that lines the coast of Scotland

to a height apparently nowhere much exceeding 40 feet above the

present sea-level.

It is also displayed in many places out of the way of all rivers,

and is frequently accumulated in long mounds behind masses of rock

that present bare and craggy faces on the opposite side. In valleys

the craggy side looks up the stream ; and in places where no river

exists it is presented in general to the interior, the tail pointing sea-

ward.

Although much discussion has arisen about the drift and its trans-

ported boulders, less attention has been paid to this upper gravel

;

and as it is not peculiar to any one district, but occurs in all the

lower grounds and along all the lines of drainage of the country,

it deserves more investigation than has been yet bestowed on it.

That it is not the result of ordinary sea-action along the shallows of

former coast-lines is probable from several considerations :

—

First. From its position. It does not occur as belts or terraces

along the sides of the hills, but is chiefly developed in the middle
of depressed tracts, as if it had been projected down the valleys.

Now the action of the sea, or of the waters of a lake breaking upon
a shore, is to heave up sand and pebbles and pile them along its

margin.

Second. From the arrangement of the pebbles, and the false-bed-

ding,—indicating, as I have already mentioned, the action of a current

flowing in one definite direction.

Third. From this gravel being occasionally thrown together into

dome-shaped tumuli and abrupt hillocks of considerable height, such
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as we do not see on any present coast-line ; and also from its uniform
increase towards the mouths of valleys.

Fourth. From the absence of marine fossils.

In examining the course of many rivers in connexion with this

subject, I observed that where the valley was narrowed by the ap-
proach of the enclosing hills, so as to form a gorge, pass, or ravine,

the sides of such ridges were denuded of all drift to a most remark-
able degree, and in a manner that seemed to me inexplicable by
any mere river-action however prolonged ; for this denudation fre-

quently ascends many hundred feet, sometimes even a thousand
feet and more above the present bed of the stream, and has imparted
a bare, stony, washed aspect not visible on the other sides of the hills

even where the slope was of equal steepness. Such appearances are

Fig. 4.

—

Section across the Valley of the Tay at Birnam, showing the

excavation of the Drift. Distance 2^ miles.

W. Hill of Newtyle E.
Birnam Hill. The Tay. (1047 ft.).
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seen on the Tay at the Pass of Birnam, where the west side of the

Hill of Newtyle has its rocky strata laid bare all the way up to the

summit, which is about 900 feet higher than the river at that place.

The denuding agent has in this case evidently flowed over the crest

of the hill ; for the rock at the top, which is of a coarse clay-slate,

sticks out in lumpy knobs, the intermediate spaces between which
have been swept clean of all small debris ; while the opposite flank of

the Hill of Birnam has been bared of earthy cover to similar heights.

The Hill of Craig-y-barns, at the north side of Dunkcld, is also re-

markably denuded even to its summit, which is about 1150 feet high.

I met with no polish nor striae on these rocks indicating glacier-action

as the cause of this remarkable denudation, although the texture of

these masses seemed eminently adapted in many rases tor taking and
retaining such markings.

What is further interesting in this locality is a long hollow stretch-

ing from Blair Gowrie towards Dunkcld, and terminating at the

Loch of the Lows near the latter town. Now I found by aneroid

measurement that the summit-level of the road, where it crosses the

watershed between this loch and the Tay, is about IHYJ feet higher

than that river at Dunkcld Bridge. This watershed also presents

great signs of denudation, consisting of masses of nigged gneiss

scoured bare of all drift and debris ; and the face of the hill to the

north has also a very hare, washed appearance.

Sir Charles Lyell, writing of this locality in IMO (see Proceed-

ings of Geol. Soc. vol. iii. p. 342), mentions that a continuous stream,
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from three to three and a half miles wide, of boidders and pebbles

is found along this hollow, from Dunkeld, by Blair Gowrie, eastward

to the sea at Forfar, and that, although its course is followed by
no great river, it is marked everywhere by lakes and ponds, sur-

rounded by gravelly ridges 50 to 70 feet high. Sir Charles further

remarks the absence of marine fossils, and admits the difficulty he

found of accounting for the arrangement of this upper gravel of

Forfarshire, proposing as the most feasible explanation, that an estu-

ary had extended by Blair Gowrie to Dunkeld, and that these over-

lying ridges of sand and gravel might have been formed one after

the other in the same manner as the bar of sand and shingle that

now crosses the mouth of the Tay.

I may here remark that if an estuary had extended up in this

manner, a similar one would have stretched far up the valley of the

Tay, and this watershed would have formed a land-strait between

these two arms of the sea : and Mr. Darwin, in explaining his theory

of the origin of the parallel terraces in Lochaber, has shown that

such land-straits have a tendency to be silted up, the more so in pro-

portion to their narrowness, and on the recession of the sea would
coincide with a terrace or raised beach at corresponding levels.

Now here, instead of a silting up, we find remarkable denudation ;

instead of belts of terraces, we have tumuli and ridges of gravel along

the midst of the depression. Further, in the neighbourhood of the

Kirk of Caputh, to the eastward of the Pass of Birnam, we see tails

of detritus stretching from behind the rocky masses of Stenton, that

present denuded fronts looking up the valley.

About Killiecrankie, in the narrows of the Tummel, the hill-sides

are swept to a remarkable degree ; and on other rivers like pheno-
mena will occur to the recollection of most readers.

In tracing the water-rolled gravel up to such narrow passes,

I have observed that its materials become coarser, and its arrange-

ment more tumultuous and irregular as it approaches such points,

until we find it in their immediate neighbourhood containing large

boulders many feet in diameter. I was particularly struck with this

in examining the Moor of Dinnet, before alluded to. This moor con-

Fig. 5.

—

Section of the Moor of Dinnet.

W. Camus-o-may. E.

1. Granite. 2. Boulder-drift. 3. Water-rolled gravel.

sists of a wide plain of drift covered by a sheet of this rolled gravel,

which in its eastern portion is spread out in a horizontal manner,
containing many seams of sand interstratified with fine pebbly shin-

gle ; but as I approached the rocks of Camus-o-May, where the

valley is narrowed by a riclge of granite protruding from Culbleen
that almost bars the passage, I found (as I expected from similar
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observations elsewhere) the gravel tumbled into undulating ridges

of extremely coarse material made up of well-rolled boulders, some
of them 4 to 7 feet in length, mixed with large pebbles and shingle,

until at the rocky barrier it thinned quite out, nought being left

but a few large blocks that seemed to have been too heavy to move
further. Likewise the boulder-drift forming the substratum of the

moor seems to get thinner as you approach the rocky barrier, as if it

had suffered more denudation thereabouts than further east. No
difference, however, occurs in its texture; all is of the same quality

from one end of the moor to the other.

Now these features of the gravel seemed to me to indicate that

the water which lodged it must have been in much more violent

motion in the neighbourhood of this contracted part of the valley

than in the open expanse of moor to the eastward ; and the whole
features of the locality, the well-washed flank of Culblecn, and that

of the opposite Hill of Pannanich seemed to tell of a large body of

water passing eastward down the valley, sweeping the narrow
gorges bare, and projecting the gravelly debris out into the open spaces

below.

In looking for such an agency, we find several to choose from,

such as

—

1. The bursting of lakes higher up the valleys. These may
have been temporary accumidations of water dammed up
by glaciers or landslips.

2. The action of rivers during floods, which may have been
caused cither by great rains or the melting of extensive

masses of snow and ice.

3. The retreating action of the sea during the emergence of the

land from the waters of the marine drift.

I have already said that the well-rounded aspect of the pebbles,

indicating long-continued rolling by water, forbids the supposition of

one catastrophe doing the whole by the sweep of a sudden wave or

deluge passing over the country. And further, as this gravel is found
not along a few rivers, but along all that I have hitherto examined,
without exception, and likewise along minor streams, I think the

first of the suppositions enumerated above becomes highly improba-
ble : for it ran scarcely he thought that there has been a bursting of

lakes in all the water-courses ;
and, indeed, with the exception of

accumidations of water dammed up by glaciers and the like, such
bursting or suddenly giving way of a natural lake is an event of the

greatest rarity—indeed, I do not at present remember having read
of an instance of it.

In seeking for a cause, therefore, we must have one of general

application.

Now the long-continued action of the rivers themselves, during
and after the emergence of the land, is just such a universally pre-
sent agent as we are in search of. And the arrangement of the

gravel is, as I have shown, very like what might be expected from
a seaward-flowing current cutting through the previously deposited

drift; while the absence of all marine fossils tends further to enhance
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the probability of a fresh-water origin. The highly water-rolled

complexion of the pebbles, again, is also in favour of this view. And
then, as to the immense profusion of this gravel being apparently

beyond the power of such streams as now occupy the valleys, this is

a difficulty that vanishes greatly on consideration; for it is a mere
question of time. A stream flowing through stony drift will in a
given time produce a certain amount of gravel; give it long enough,
and what will it not accomplish ? During the long array of centu-

ries, when the bed of the Pleistocene sea was heaving up a broader

and broader horizon, the rivers, big and swollen, wandered onward,
bearing to the ocean the rain and snow of countless winters. Their

basins filled with drift, they must have flowed along at heights far

above where we now see them, shifting their channels unchecked by
the hand of man, until they gradually wore them down, deeper and
deeper, into their present grooves. Give them an infinity of time,

and could they not spread out an infinity of gravel ?

It is probable, therefore, that the rivers have had much to do with
the formation of these beds ; but still there are some features in con-

nexion with them that river-action alone will scarcelyaccount for. I do
not see, for instance, how any river could so thoroughly scour out the

drift as has been done in the narrower parts of most of the valleys

and even in many of their wider portions, leaving in trough-shaped

hollows not a trace of shingle or debris, and this in localities where,

as I shall afterwards show, the mass of drift must have been immense,
even some hundreds of feet deep. It may, however, be here objected

that this clearing out of the drift has been the result of a later set

of glaciers moving down the valleys after the period of the marine
drift, and ploughing through that deposit. But had this been so, would
not the glacier have pushed the drift before it in a rapidly accumula-
ting hill, or thrown it on either side as is done by a snow-plough? In
the one case we should expect to find some traces of these gigantic

terminal moraines,—in the other, some relics of equally extensive

lateral ones,—neither of which have I met with in those valleys I

have examined. Further, if a glacier had thus ploughed through the

drift, it would have left a ready-made groove for the rivers, so that

we should not expect to find this gravel at the heights of 200 or

300 feet above the beds of the streams, as we often see it. Never-
theless I do not mean to deny the existence of glaciers after the

marine drift, but only to say that I have not hitherto met with any
satisfactory proof of their presence at this later period in the lower

parts of our larger river-valleys, although, as will be subsequently

shown, I do think there are grounds for suspecting their agency in

such localities previous to the marine drift.

At all events there seems to be no trace of glacier-debris above

this gravel; so that its origin is likely to have been subsequent to all

such action, at any rate in the lower grounds.

Other objections which forcibly urge themselves against the supposi-

tion of the present arrangement of this surface-gravel being entirely

due to river-action arise from the fact of its being occasionally piled

up in great undulating mounds and tumuli 40 to 100 feet high,
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the internal structure of which sometimes shows that their present

form is not the result of denudation on what had formerly been a

horizontally arranged deposit, but whose inward undulations conform

to the exterior outline. And further, had the excavation of the drift

been altogether owing to fluviatile agency, we should expect to find a

greater concentration of large boulders along their channels, and also

more evidence of river-meadows (or haughs, as they are called in

Scotland) at high elevations, than what we see.

Then take a valley with a chain of lakes. These still sheets of

water woidd arrest all the stones and gravel brought down by the

stream from the valley above—in short, everything except the finer

impalpable mud, and, where the lake was large and deep, even most
of that. Now I think the signs of denudation in the neighbourhood

of such lakes and in the valleys beneath them are much greater than

we should expect on the supposition of mere river-action combined

with a very gradual, slow emergence, like that supposed to be going

on in Scandinavia at the present day. The "crag-and-tail" pheno-

menon before mentioned is equally inexplicable on a similar theory.

From these and other considerations which it would be tedious to

dwell on longer, it therefore appears to me that the retreating action

of the sea during the emergence of the land from the waters of the

drift-period has borne a considerable part in the matter. The reces-

sion of this sea, caused by a strong earthquake-shock upheaving the

land, would give rise to an action sufficient to account for many of

those appearances which I have touched upon. Even the records of

modern times show how often (we may say, indeed, how constantly)

nature acts in this way, although, I think, it is going too far to

suppose that the short space of time covered by the roll of history

has afforded a complete insight into the operations of nature in this

respect.

Multitudes of such shocks probably occurred as the land gradually

straggled out of the sea; and the grating effect of the waters as they

rushed back off the land would be sufficient to scour out the narrow
ravines of the valleys, project the gravel out into the open spaces, and
give rise to those appearances of "crag-and-tail" so frequently Been.

In the valley of the Dee this superficial water-rolled gravel is

very well marked as far up as Invercauld, nearly 5(» miles inland,

and fully 1000 feet above the present sea-level. Further up the val-

ley the underlying drift becomes of looser texture and of a more
gravelly character, so that it is less easy to distinguish the two
deposits.

§ 2. With regard to the boulder-drift. I had examined sections of

it at many points between Banchory and Ifraemar, and found it ex-

tending all up the valley, everywhere possessing very similar features.

No beds of brick-clay nor any great thickness of laminated sand had

presented themselves between these two villages, which are upwards

of forty miles apart, the former situated at an elevation of about L'nO

feet, the latter about 1130. Kverywherc the drift seemed to rest

immediately on the old rocks, and consisted of a hard tenacious mass

of gritty mud. varying in tint from bluish-grey to pale brownish-
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grey, studded thick with stones of all sizes, from the merest pebble

up to blocks some tons in weight. Many of these (both the large

and the small) are marked with parallel striae and scratches in the

line of greatest length. In these sections a large proportion of the

stones and boulders are evidently water-worn, especially those of

granite, which are sometimes as round as cannon-balls. I saw,

however, but few traces of stratification in the drift between these

two villages, although not unfrequently thin seams* of finely lami-

nated silt did occur in various parts of the mass. I did not fall in with

any clearly marked strise on the rock-surfaces below the drift of this

valley; but near a place called Brathens, in the neighbourhood of

Banchory, I observed some of the humps of hard gneiss ground down
very much on their western exposure.

The side glens frequently contain a great thickness of drift, gene-

rally of a looser and sandier character than that of the main valley;

and the same is the complexion of the deposit along the Dee itself

towards its higher part.

There are a multitude of glens that branch off from this river in

the Braemar district, many of which I examined up to their extre-

mities. In these mountain-valleys I found the steep hill-sides ex-

hibiting little save their own rocky debris ; but all along the midst

of such depressions there was generally a considerable thickness of

sand and gravel, full of stones and containing many large blocks.

In- Glen Caich (or Glen Candlic, as it is sometimes called), which

is situated on the east side of the granite mountain of Ben-a-Buird,

I found this deposit spread over the whole bottom of the glen, rising

to similar heights on both sides of the stream, its general depth

where I examined it being from 30 to 50 feet. It consisted almost

wholly of stratified sand and gravel, evidently well washed and de-

posited from water. Imbedded in various parts of it were many
boulders of red granite like that of the neighbouring mountain ; a

few of them were from 7 to 14 feet in diameter. Some were rounded,

some angular. Grooved or glacially scratched fragments appeared

to be rare; for I noticed but one boulder showing them at all distinctly.

Maich of the deposit containing these blocks consists offine sand, often

laminated and containing along with the granite much debris of

quartz-rock.

This spot was at an elevation of nearly 2000 feet, and is situated

close beside Caich shooting-lodge at the head of Glen Sluggan. The
same deposit is found all along Glen Caich (which is a branch of the

Quoich), down to the valley of the Dee ; it also extends somewhat
further up the glen, but soon thins out; and about the base of Ben
Avon the streams are found running along between bare slopes of

crumbling granite.

Tbere is another glen, which, commencing at Loch Etichan on the

N.E. flank of Ben Muic Dhui, joins Glen Lui at the shooting-lodge

of Lord Fife. This ravine is known as " the Derry."

Loch Etichan, by a sympiesometrical measurement of Prof. Dickie,

* These seams are scarcely ever horizontal, and are often curved in an odd
manner.
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is 2953 feet above the sea ; it is encompassed by bare granite crags

and blocks of the same nature. The stream issuing from it over the

sxirface of these rocks makes a rapid descent, down a steep slope of

perhaps 400 or 500 feet, into the glen below. Here there is a re-

markable assemblage of mounds and tumuli, some of them reaching

a height of 100 or 150 feet above their base (fig. 6).

Fig. 6.—The Top of Glen Berry.

1. Loch Etichan. 2,2. Mounds of gravel.

No sections occur at this point to show their internal structure
;

but their steep slopes present shoals of gravelly debris, chiefly of

granite: there are, however, many fragments of gneiss and lami-

nated quartz, and even some of a hornblcndic nature. This struck mo
as singular, seeing that the whole glen and mountain-group above,

and their immediate neighbourhood, arc believed to be exclusively

of granite. If this opinion be correct, it tells strongly against these

fragments being glacier-borne to their present position. Many ol the

quartz-fragments are partially water-worn. Some large boulders are

scattered over the surface of these mounds, all of which, without
exception, are of granite similar to that of the adjoining hills.

The deposit forming these mounds rises to corresponding heights

on both sides of the stream, and continues down the glen for about
half a mile or so, diminishing gradually in thickness until it ceases
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rather abruptly at the head of a long narrow meadow about 300 to

500 yards wide that stretches down the glen for a mile or two,

bounded on either side by bare hill-slopes destitute of any mounds.
The upper limit of the mounds at the head of the glen is several

hundred feet higher than the point where they cease at the top of

this long meadow. At their termination here, they form a series of

rough heathery hillocks 20 to 40 feet high, with many granite blocks

upon their surface, through which the stream pursues a devious

course.

At this point it had cut into some of them, exposing the internal

structure and showing the upper part to consist for the most part of

fine stratified sand (in many places almost as fine as sea-sand),

derived from the disintegrated granite, of which some large boulders

were imbedded in various parts of the mass as well as strewn more
thickly on the surface. Small fragments of quartz-rock and a few of

hornblende also were noticed.

Another section showed the base of one of these mounds to con-

Pig. 7.

—

Section of a Mound in Glen Berry.

1. Laminated silt. 2. Stratified sand. 3. Feat. 4,4. Blocks of granite.

sist of a stratum of the finest laminated silt, of which a thickness of

four feet was exposed, the laminse being partly of fine sand and
partly of clay capped by a bed of stratified sand with boulders inter-

spersed, above which lay a stratum of peat with remains of decayed

fir-trees. As these sections therefore showed the mounds to be

evidently of watery origin, I concluded that they were not glacier-

moraines, but the denuded relics of an aqueous deposit that had over-

spread the whole bottom of the glen from side to side, and that the

greater frequency of the boulders on their surface arose from the

washing away of a portion of the gravelly mass, concentrating these

above them ; while the termination of the deposit at the head of the

flat meadow seems to indicate that it had been formed at the extre-

mity of a lake whose waters had once extended to the top of the

glen, and into which the mountain-torrent descending from Loch
Etichan had washed down the debris.

Whether this former lake was fresh water or an arm of the sea

may be questioned; but the great height of the mounds, the absence

of any barrier below, and the fact that the upper limit of the deposit

seemed to be higher than the watershed that divides the head

of this glen from that of the Alt-Dhu-Lochan, whose waters de-

scend into the basin of the Spey, seem all adverse to the idea of a

fresh-water lake ; while the circumstance of similar accumulations

being general in all the glens of the district, together with the pre-
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sence of transported boulders on mountain-tops at still higher levels,

favour the supposition of a sea-loch having been the receptacle. I

searched in vain for traces of Mollusca to decide this interesting

question. Descending the glen, I found that, after reaching the

lower extremity of the long narrow meadow, mounds again made
their appearance; and a section of one of these near Deny shooting-

lodge disclosed coarse stratified gravel containing well-rounded peb-

bles of granite. This second set of hillocks may be conceived to

have arisen by the arm of the sea having retreated to near this point,

when the stream from above would again commence to pour in its

gravel and debris.

No striated or glacially marked stones occurred to me in these

mounds of Glen Derry, not one, although I searched anxiously

for them,—a circumstance that bears strongly against the theory of

their being glacier-moraines.

It would be tedious to describe these things in the other glens of

this district ; suffice it to say that similar accumulations, evidently

deposited from water, are of general occurrence in like situations in

the various ravines of Braemar, up to the flanks of the central mem-
bers of the great granite mountains of the Ben Muic Dhni group. I

do not, however, mean to say that there are not also traces of glacier-

moraines.

In Perthshire I examined some sections of the drift deserving

special notice. Of these the most important was on the flank of a

hill called Meal Uaine, about 2095 feet high, on the east side of the

valley of the Tummel, just below Killiecrankie. It was remarkable

for showing the immense thickness and height that the drift had
attained in that quarter, as well as for the vast amount of denudation

it has undergone.

Fig. 8.— Vieiv of a Bank of Drift on Meal Uaine.
W. E.

1. House of Fa-scally. 2. Hank of Drift. 3. Ordnance station. 4. Top of Meal Uaine.

The channel of the Tummel opposite this section is at an altitude,

probably, of about 2!)<» feet above the present sea-level ; and on the base

of the hill, for about 3<M> feet above this, the drift bus been almost
entirely swept away, little remaining on tho surface of the rocks

save a few patches of water-rolled gravel of more recent origin ; so

that we do not reach the foot of the section in question until we are

at an elevation of about fiun feet above the sea, and :*(ii> feet above
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the river. From this point, then, the drift stretches up the slope of

the mountain in one thick continuous mass to an altitude, exposed by
the section, of nearly 1200 feet above the sea, but does not thin en-

tirely out until it reaches an elevation of about 1550 feet. Two small

streams descending the hill have laid open its structure. The north-

ernmost of these ravines is by far the most satisfactory, giving a clean

section down to the subjacent rock and extending through a vertical

Fig. 9.

—

Section of Drift on Meal Uaine. Depth of a-b, 130 feet.

1. Coarse stony stratum. 2. The stratified drift. 3, 3. The surface of rock with striae.

height of 500 feet,—showing the mass to be regularly stratified in an
almost horizontal manner, with occasional undulations; while its

composition is seen to be much the same from top to bottom, consist-

ing of numerous beds of the finest laminated silt, alternating with

others, coarser and more stony, that show hardly any stratification

-

lines : large boulders from 4 to 5 feet in length are scattered through

the whole. I also ascertained that it rested in all its extent on a

rock-surface of gneiss, mica-slate, and quartz, which was grooved

and polished as if by the passage of a glacier, while multitudes of

both the small stones and large boulders imbedded in it were similarly

marked.
In the channel of the rivulet were great numbers of blocks, that

had, apparently, been derived from the waste of this bank of drift

;

some of them were from 8 to 14 feet in diameter, and many were
grooved and furrowed.

The horizontal arrangement of the beds in this section would seem

to indicate that they had originally occupied the whole width of the

valley, in which case the thickness must have amounted to several

hundred feet. It has been evidently all accumulated under water;

and the great number of seams of fine laminated silt would seem to

show that its deposition had been very gradual and had occupied a

great lapse of time. These loamy layers are rather more numerous



I860.] JAMESON—DRIFT, ABEEDEEHBHIEE. 36

1

in the lower part of the section, and are composed occasionally of an
impalpable mud, like putty. No trace of shells occurred to me,
although I searched for them narrowly in several parts. Some of the

fine sandy matter, when examined through a magnifying lens, was
seen to consist chiefly of small rounded grains of quartz, together

with an impalpable powder of apparently decomposed felspar.

There were no beds of clean-washed gravel or shingle—all was
more or less earthy ; neither was there a great thickness of pure

clay in any part; and the general tone of the whole was very similar

throughout, varying from pale yellowish-grey to brown. I observed

that some of the finer loanvy seams had been partially washed away
before the deposition of the superincumbent layers.

The topmost stratum of this bank consisted of a coarser, stonier

mass, 3 to 5 feet thick, which seemed to me to have resulted from
the denuding agency that had swept away the drift; for it differs

from the subjacent beds chiefly in having the finer matter washed out.

The stones so plentifully dispersed in the drift consisted for the most
part of mica-slate and gneiss, together with some of granite, horn-
blende, porphyry, and crystalline limestone.

Now, as this great bank of earth contains probably several thousands

of fine laminae of clay and sand imposed one above another in regular

succession, separated by many beds of a coarser description, I think the

notion of such a mass having been thrown together by any sudden con-

vulsion becomes inconceivable, while the fact of its upper limit over-

topping all barriers between it and the sea is equally decisive against

a fresh-water origin
;
and, furthermore, that its whole structure be-

longs to the latest tertiary period is shown from its reposing through-

out its entire extent on a glacially polished rock-surface. Here,
then, we have

—

1 . A gradual formation.

2. A marine origin.

3. A Pleistocene age.

And thus I think there are proofs that in these later times the sea-

waters had assuredly rolled for many centuries over the hills and
valleys of Scotland.

If I am correct in assuming, from its horizontal stratification, that

Fig. 10.

—

Section arm.™ the Tummel Valley at Meal Uavne.
e. w.

a. Top of Ileal l
! ;iine. A, A. lioulilerx of granite and poiphjFIT. e. Bed of Drift,

d, d. Striie on the rork. 0,0. Water-rolled gravel. /. The Tummel.

the deposit of which this bank is a portion had originally extended
all across the valley, then it is evident what an enormous denudation
has taken place; for we have here but a patch, which owes its prescr-

VOL. XVI.—PART I. 2 K



362 pKOCEEDisres of the geologicax society. [Feb. 15,

vation to the sheltered position it occupies in the bosom of the hill

between two projecting buttresses of rock. Not a trace of drift re-

mains on the slopes of mica-slate on the opposite side of the river

;

all has been swept away.

Between Loch Tummel and the valley of the Tay, there lies a great

ridge of mica- slate stretching in an east and west direction, with

numerous peaks reaching from 2000 to 2600 feet high. The drift

on the northern slope of this ridge stretches up to a height of

1500 feet.

Fig. 11.

—

Section across the Ridge of Mica-slate, showing the Drift

upon its Northern Slope opposite Bonslceid.

s. N -

i

I, Ordnance station (2015 ft.). 2. Boulders. 3. Boulder-drift. 4. Water-rolled gravel.

5. The River Tummel.

I descended the course of a small rivulet that joins the Tummel
opposite the House of Bonskeid, and which has cut through the earthy

covering in such a manner as to afford a good view of its structure.

Having an aneroid with me, I took measurements as I went along,

and found that the upper limit of the drift lay at an altitude of about

1520 feet. At 1494 feet it was 16 feet deep, resting on a smoothed
rock-surface showing grooves and striae pointing IN". 20° to 30° W.
At 1424 feet the thickness had increased to 30 feet; and at 1005 feet

the drift reached a depth of 50 to 80 feet, resting on coarse gneiss,

showing parallel furrows and scratches pointing N. 70° W. It con-

tinued of considerable thickness for some distance further down; but

below 700 feet it almost entirely disappeared, as if it had been washed
away; and at 612 feet the loose water-rolled gravel made its appear-

ance, resting on some denuded remains of the drift, of which there

was a patch left some ten feet thick. This was 185 feet above the

bed of the Tummel at the mouth of the rivulet.

It will be remembered that the drift on the flank of Meal Uaine
was cut away at a similar height, and that water-rolled gravel made
its appearance there also a little beneath its lower limit. In these

instances, therefore, I think we have evidence that the drift has been

subjected to great denudation, and that in the water-rolled gravel we
have traces of some of the forces that effected it.

§ 3. At an elevation of 1485 feet, in a small rocky hollow in the

course of this stream, where the drift had mostly been removed, I

found the vertical sides of the rock fluted, grooved, and scratched

almost horizontally, the markings pointing due north.
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These furrows were not quite horizontal, but sloped somewhat
with the inclination of the ridge, the north ends pointing down
towards the Tummel.

Land-ice sliding down the hill might give rise to these markings,

or floating ice coming from the north during the submergence of the

country; but no glacier moving down the Tummel could effect them,
as the direction of that valley is here E. and W.

Fig. 12.

—

Section across the Bed of the Stream, showing strke on the

vertical surface of the rock.

W. Stream. E.

In the valley of the Tay at Aberfeldy, I noticed strice and grooves
on the gneiss below the drift, a short way up the banks of the stream
that gives rise to the well-known Palls of Moness. Now the direc-

tion of this stream is here almost N. and S. ; whereas the glacial

furrows pointed due "W., conforming to the strike of the main valley

of the Tay.

With regard to the striated rock-surface beneath the great Pleis-

tocene bank on Meal Uaine, the direction of the grooves and furrows
also coincided with that of the main valley in that quarter, their

strike being N.W. and S.E., transverse to the course of the little

rivulet, and also to the strike of the rock}' strata, which is here N.
60° to 70° E., dipping almost vertically.

Sometimes these grooves ran horizontally along tho face of the

humps of rock, which were much ground down and rounded oil".

"Where the strata were of coarse quality, the markings consisted of

rude scores and furrows ; while the harder, fine-grained quartz was
polished until it glanced again, with numerous fine, needle-like

scratches, coinciding in their general direction w ith the scores on the

coarse gneiss.

Now, as the situation of these markings in this case is in a deep

sheltered hollow, protected both to N. and S. by protruding buttresses

of rock, it struck me forcibly that no floating iceberg could well have

effected them, for it would have grounded on these projecting ridges ;

while it seems farther difficult to conceive how any large island of

ice could have approached at all from the N.W., so environed is the.

spot by hills in that direction.

Altogether it seemed to me more like the action of a glacier that

had occupied the valley jinvious to the marine drift, and whose
plastic mass coidd adapt itself to all the sinuosities of (he surface ;

1. The strUe. 2. Drift.

- i: -
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and such an agency seemed further indicated by the fact that the

grooves and striae on the vertical faces of the rock are seldom quite

horizontal, but very generally dip somewhat to the southward ; that

is to say, they slope ivith the valley. Again, it is evident that under

glacier- conditions this is precisely a spot where immense grinding

action would be exerted ; for the two Highland valleys of the Tum-
mel and the Garry here unite, so that there would be a convergence

of two great ice-streams at this point, hemmed into a narrow valley

by high ridges on either side.

Ascending the shoidder of this hill of Meal Uaine above the bed
of drift previously described, I found the hard quartz-

ose strata along its western side remarkably rounded
off in many places, and ground down into smooth
bosses, while occasional boulders of porphyry and
granite lay here and there on the surface.

But what surprised me still more, on gaining the

top of the hill I found the stamp of the ice there as

vivid as in the ravine below. The coarse, hard,

gnarled gneiss that forms the scalp of the ridge

has all its angularities ground off, and is fluted with

long scooping depressions, across the seams of the

strata, and pointing N. 45° W. (N.B. These bear-

ings are all true, and not magnetic.) These fluted

portions are smoother than the rest of the surface,

although all is rounded off. This is on precisely

the highest point of the summit. Thinking that

there was still a possibility of these appearances

being due to structure, or other causes, I searched

about, and soon noticed other scores and furrows a

few yards lower down, pointing 1ST. 40° W. Again,

60 feet below the summit, on the southern brow of

the hill, I came upon some surfaces showing the

most unmistakeable polish, strise, and scratches, to-

gether with scores and larger furrows, all parallel,

and also pointing N. 40° W. The rock is here of

an extremely hard and tough nature, to which is

doubtless owing the preservation of these markings.

It thus appeared that the whole flank of the hill

is marked from top to bottom ; for I had detected

these impressions at altitudes varying from 750 feet

up to the summit, which by aneroid measurement I

made 2095 feet high.

I have already said that the polish on the flank

of this hill underneath the drift strongly suggested

the idea of glacier-action ; now as the strise and
furrows on the crest of the mountain are precisely

coincident in their direction, there is a presumption

that both are due to the same agency. If, then,

we adopt the instrumentality of a glacier, we are

driven to the admission that it must have been of
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altogether gigantic dimensions ; for after deducting 300 feet for the
bottom of the valley, we still have left 1800 feet to reach the top of

this Meal Uaine. If, again, we take refuge in the supposition of

floating ice, we must invoke a submergence of at least 2100 or 2200
feet ; for our iceberg must have some depth of water to swim in.

Here then is a dilemma, either raise the coast-line 2200 feet, or

fill up the valley with an ice-stream 1800 feet deep.

It is possible however that a glacier may have caused the markings
low down the hill, and floating ice those on the top

;
although in this

case the coincidence of direction in the moving agent is singular, and
the fact of markings on the south brow of the hill also curious. It

is clear, however, that immense force must have been in operation
;

for the rock on the top is one of the most obdurate to be met with,

being a rugged gneiss full of quartz-veins. No force of water alone

could, I think, have left such a handwriting on stuff of this adaman-
tine texture.

The adjoining mountain, Ben Bhrackie, reaches a height of about

2800 feet ; and over its summit the rock is not thus rounded, but has

disintegrated into numerous blocks, that He thickly all about.

This may perhaps be partly due to the different quality of the

strata, which are very hornblendic. However that may be, I did not

remark any smooth bosses of rock until I had descended the N.W.
slope to an elevation of about 2220 feet ; but no grooves or glacial

furrows occurred to me.
Several miles to the west of this, near Hioch Yore, on the mica-

slate ridge before mentioned, I had observed, on one of its northern

slopes, at an altitude of about 2220 feet, a hump of the rock remark-

ably smoothed and ground down, and covered with parallel stria) and
furrows pointing N. 70° to 80° W. and transverse to the laminae of

the strata.

§ 4. All along the northern slope of this ridge, from Meal Uaine at

one extremity, westward for ten miles to Hioch Vore at the other, I

had remarked many boulders of granite and porphyry at heights ex-

ceeding 2000 feet, the highest being one of granite, that lay at an

elevation of 2390 feet (by aneroid). These boulders seldom exceeded

two feet in diameter, and were generally smaller. The highest which

I had noted on Meal Uaine was at 11)60 feet. They are also not un-

frequcnt in the hi»-h-lying drift along the north slope of these hills.

Now I examined the greater part of that ridge, crossed it at

several points, and walked along its crest for miles, hut saw no indi-

cation anywhere of this granite or porphyry in situ. I think there-

fore I am justified in concluding that they have been carried to their

present position from a considerable distance; and knowing that

such rocks occur in the high mountains situated to the northward

(as, for instance, in those of (Men Tilt ). I think it is further probable

that there lies the source from whence they have come.

But it is not at 2000 or even 2400 feet that we cease to find such

transported fragments, for in the Braemar district I met with them

much higher.

A remarkable instance of this occurred on the Hill of Morvcn. a
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few miles to the north of the village of Ballater. The average of

four different measurements makes the height of it 2953 feet above

the sea, the highest value being 3048. It stands many miles apart

from any hill of like elevation ; in fact, there is none so high within

ten miles ; and it greatly surpasses any eminence to the 1ST. and E.

between it and the sea. All the upper part of the mountain, so far

as I could ascertain, is composed of one sort of rock, which seems to

be a mixture of greenish hornblende and white felspar, showing no
stratification-lines. No gneiss, quartz-rock, or granite came under

my notice, although the last-mentioned rock occurs about its base.

The late Professor Macgillivray had, I find, examined the hill, and
pronounced it to be of hornblende-rock. It was therefore with no
small degree of wonder that I remarked several rounded boulders of

granite, together with some of quartzose gneiss or laminated quartz,

lying here and there on the western brow of the mountain ; and I

traced them up to the very summit : one or two of them, indeed, are

built into the prop or cairn that marks the highest point. The
largest of these fragments did not exceed two feet in diameter.

This then is surely a most remarkable fact : for if we assign the

agency of floating ice for the transport of these boulders, perched up
here amongst the mist and Ptarmigan, we must admit a submergence

to the extent of 3000 feet ; and yet no other feasible theory has been

offered that can account for such facts.

Again, there is a hill close to the village of Braemar named Cairn

-

a-Drochet, reaching an elevation of 2703 feet, according to Mr.
Robertson, author of a large map of Aberdeenshire ; while an aneroid

measurement of my own made it 2655. Seventy yards to the north

of the cairn that marks the summit, and at a level 20 feet lower,

there sits a block of coarse red granite 12 feet in length ; while

many boulders of the same kind are scattered all around. Now the

upper part of this hill is chiefly composed of quartzose gneiss, inter-

sected with dikes and masses of felspar-porphyry ; and although

granite also occurs in situ a short way down the hill, yet it is of a

different quality from this block, containing a much smaller propor-

tion of quartz, while the felspar is of a paler tint ; and upon the whole
I think it likely that this block and many of the other boulders near

it have been derived from the mountains to the north, the granite

of which is identical in character. Still I do not mean to press this

too strongly, but would only remark that the fragments of quartz,

felspar-porphyry, and granite on the flat top of this hill are mingled
together in such a way as to indicate exposure to some shifting-

agency, as if they had been washed about together while under water.

The felspar-fragments are mostly small and angular, the quartz often

partially rounded, and those of the granite frequently quite rounded.

The only other instance of high-lying fragments, apparently trans-

ported from a distance, that I shall here adduce, relates to a moun-
tain called Ben Uarn More (3589 feet). It forms the culminating

peak of the great ridge that divides the shires of Aberdeen and Perth,

and is composed of quartz-rock, showing a laminated structure. No
other rock occurred to'me as I clambered up the steep northern slope

;
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but I observed here and there, as I went along, fragments of a

peculiar land of porphyry that I had met with in situ on a lower

ridge to the northward. These fragments continued to occur,

although very sparingly, high up on the shoulder of the mountain
;

but on the very top I looked some time for them in vain. A prop

or cairn on the summit, apparently the work of the Ordnance
Surveyors, showed nought but quartz, the sharply angular debris of

which strewed the protruding edges of the strata, clothed here and
there with a carpet of fine soft moss, the last stunted patch of heather

having failed considerably lower down. A single Alpine Hare was
the only living creature I saw on this lone mountain. Searching

about amongst the quartz-debris I did, however, find, on the very top

of the hill, a small lump or two of the same porphyry ; and other frag-

ments of it occurred as I descended the shoulder of the mountain.

Although a dike of this porphyry may run through some part of the

bill, yet I think I may safely say it does not appear on the very crest

;

for, owing to the absence of vegetation on the sterile siliceous rock,

the strata are so bare that I could scarcely have missed seeing it

:

and if any vein of it did occur, its fragments ought to be much more
numerous

;
for, as I have mentioned, it was only after some scrutiny

that I could detect some two or three pieces. I question, indeed,

whether any such porphyry now exists at so high an elevation in this

part of Scotland.

Perhaps the most probable supposition with regard to these and
other like cases is, that ridges of the absent rock may have originally

existed at greater heights, and that such fragments have been
scattered about during the denudation that has gone on in earlier

geological periods. Still, looking at the numerous instances of high-

lying boulders that have undoubtedly been transported during the

Pleistocene epoch, we cannot help speculating on the probability of

these also having been lodged where they now lie during the same
period.

And in connexion with this I may here remark that I found no

foreign fragments on the tops of the granite mountains of the Ben
Muic Dhui group that attain elevations approaching 4000 feet and

upwards. Some of these I examined narrowly with this especial

view, particularly the extensive table-like summit of Pen-a-Buird,

where I thought, if anywhere, they might be found. Put nothing

met the eye save granite blocks and granite sand, with occasional

pieces of white quartz, veins of which are common in these mountains.

§ 5. One circumstance struck me as worthy of notice in reference to

the dispersion of blocks from these granite hills. They lie in a great

cluster on the north side of the River Deo ; while to the south of its

valley rises a chain of quartz mountains of considerable magnitude,

intersected by numerous glens. On the theory, then, of a transport

duo to floating ice urged by a current from the north, it was to be

expected that many of these granite blocks would pass across the

valley on their ice-rafts, and be arrested on the higher pin ts of this

quartz chain immediately opposite. Accordingly, in traversing some

of the principal members of the group, viz. the (das Meal, Caim-nu-
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Clasha, Ben Uarn More, and Gelly Cairn, I kept a constant look-out

for granite boulders, and was much surprised to find none (not even

one) on any of these hills, nor, as far as I remember, in the glens

between them, of which I traversed Glen Cluny, Glen Ey, Glen

Conny, and Glen Kristy. On the large mass of the Glas Meal I

noticed many boulders that presented a reddish granitic aspect ; but

on breaking them up, found them to be of a felspathic porphyry

quite different from the coarse red granite of the Ben Muic Dhui

group. It was only towards the mouth of Glen Ey that I noticed

some of granite. Now this is very remarkable on the supposition

that the blocks have been transported by floating ice, but would be

quite intelligible on a glacier-theory ; for large boulders from these

mountains are numerous in the valley of the Dee, and in the glens

and hills on the north side of that valley to the eastward of the

granite-masses. It is possible then, and perhaps probable, that the

land-ice has played a considerable part in the conveyance of the

larger erratic blocks from many of our mountains, although I am far

from restricting their transport entirely to such means.

That there had been an extensive development of glaciers and

land-ice previous to the marine drift is, I think, likely from various

considerations. The absence of all earlier tertiary deposits, and the

fact of the drift resting so generally on the polished and striated

surface of the old rocks, without the interposition of any other beds,

bespeaks something singular in the previous history of the surface.

No trace of laeustrine mud, fluviatile gravel, or buried forests,

testifies the pre-existence of ordinary land-conditions ; and it is

almost inconceivable that any advance of the sea, whether gradual

or sudden, could have so utterly annihilated all trace of these, espe-

cially in the inland valleys, where the waters would have assumed
the character of quiet sea-lochs, such as now indent the west coast of

Scotland. But if we assume a long period of land-ice, with glaciers

grinding down along the valleys for ages, and sludgy sheets of ice, like

those of Greenland, overspreading the rest of the surface, the absence

of all such remains becomes more intelligible. And when we further

consider that the character of the Mollusca of the English Crag-

formations indicates clearly a progressive diminution of temperature

previous to the marine drift (as is so well brought out by the

abstract of Mr. Wood's labours drawn up by Sir Charles Lyell in

the Supplement to the last edition of his ' Elements of Geology '), we
have some warrant for concluding that such may have really been

the case.

The unstratified boulder-earth that occurs beneath the marine beds

of the Clyde and other districts may therefore, under this view, be
glacier- debris or moraine-matter levelled by the advancing sea-waters

of the drift-period. The immense profusion of transported blocks

and striated pebbles in many localities is more favourable to the idea

of glacier-action than of floating ice (for in some localities almost every

pebble is striated), as is also the pell-mell and hodge-podge mixture
of the fragments in the earthy mass. I have likewise shown that

the polished rock-surface beneath the drift is in certain eases almost



1800.] JAMIESON DRIFT, ABERDEENSHIRE. 300

inexplicable by floating ice, but perfectly accordant with glacier-

action. Again, there are localities where the blocks have been carried

northwards, as was shown by Sir 11. Griffith with regard to those

proceeding from the Ox Mountains in Ireland (Brit. Assoc. Report,

1843, Sect., p. 41),—a circumstance opposed to the idea of a south-

ward-drifting marine current. And in districts where the marine
drift is charged with remains of Arctic Mollusca, it would appear that

there is very often a considerable thickness of unstratified boulder-

earth beneath it, which is quite destitute of the slightest trace of

marine fossils, but studded thick with striated boulders and pebbles,

like the matter of a moraine.

The many instances I have adduced of high-lying stratified drift

and transported boulders at elevations exceeding 2000 feet, indicate

an almost total submersion of the country ; and the observations of

geologists in many other parts of Britain tend to the same conclusion.

The late Mr. Trimmer, who had paid much attention to the English
Pleistocene, inferred from his many observations that almost all

England had been covered (Journal of Geol. Soc. vii. p. 26) ; while

the researches of Professor Ramsay in "Wales point to a similar result

for that region (ibid. viii. p. 372). Mr. Darwin, likewise, reasoning

from the presence of a large syenitic boulder on the top of Ashley
Heath in Staffordshire, and from other facts, decided that the whole
of that region was, at the period of floating ice, deeply submerged
( Ed. New Phil. Journ. xxxiii. p. 352). Professor Phillips, in like

manner, finds proof that every part of Yorkshire below the level of

1500 feet was covered by the waters of the same glacial sea (Brit.

Assoc. Report, 1853, Sect., p. 54). And I might go on to quote the
many instances of high-lying boulders in the south of Scotland ad-
duced by Maclaren, Chambers, Nicol, and others : while in the west
the same occurs ; for Mr. Darwin, in his account of the Parallel Roads
of Glen Roy (Phil. Trans. 1839), mentions having observed boidders

of granite on Ben Erin up to an altitude of 2200 feet. And I may
here mention, generally, that in the Highlands of Perthshire and
Aberdeenshire I found the presence of far-travelled boulders at

heights exceeding 2000 feet by no means uncommon,—that, indeed, it

was rare to find any extensive ridge without them. The above
shows that this great submergence was not local, but general over
Great Britain.

§ 6. There are only some dozen or so of hills in England, Wales,
and Ireland that rise above 3000 feet; and the highest of them ;dl.

Snowdon, falls short of Men Carn More, where 1 noticed the trans-

ported fragments of porphyry. Without, however, meaning to lay

much stress on such isolated cases, I think the tendency of the

evidence points to an extent of submergence during the drift-period

that must have quite extinguished all the larger Mdnnixi/ia ; and, as

no upper limit has yet heen established, perhaps it may have been
so complete as to annihilate all terrestrial life in these islands.

In the central Highlands of lhaemar the higher mountains are

generally remarkable for tremendous precipices on their sides, most
frequently on their eastern Hanks. Some of these stupendous cliffs
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rear a perpendicular front of 1000 or even 1500 feet, as at Lochnagar

and Cairntoul ; and it will be found that their base is frequently at an

altitude of 2200 to 2500 feet. Wandering along these lofty walls

of granite, the thought sometimes struck me that in them I saw the

ancient sea-cliffs of this glacial sea, and that here its chill waves were

staid. Afterwards, on looking over the beautiful plates of Professor

Forbes's book on Norway and its Glaciers, I was impressed with the

resemblance of some of the scenes along that iron-bound coast to the

rocks and corries of these Highland mountains.

In order to obviate the objections that naturally arise against such

a change of level as I have hinted having taken place in a geo-

logical period comparatively so recent, I may call to mind that the

marine Pliocene of Sicily rises 3000 feet above the present coast-line

;

and further, that Sir Roderick Murehison and other eminent geologists

invoke a like change of level for the Alps (Geol. Journ. vi. p. 66).

The conclusions which I have above drawn might lead to a very

interesting inqmry as to how the present flora and fauna overspread

the country ; for there can be little doubt that their introduction, as a

whole, dates from the close of the marine- drift-period. But this would

be quite beyond the scope of the present paper ; and I shall only point

out how highly desirable it is that a clear distinction should be made
between the group of Mammalia of the period antecedent to the

drift from that of the period which followed it in this country : for it

would seem to be the case that the two assemblages, although both

geologically of recent date, are yet severed by a long stretch of time.

§ 7. Combining the observations of this and my former paper,

I am inclined to think that the following course of events may be

descried in the Pleistocene history of Scotland.

1st. A period when the countiy stood as high, or greatly higher

than at present, with an extensive development of glaciers and

land-ice, which polished and striated the subjacent rocks, trans-

ported many of the erratic blocks, destroyed the pre-existing

alluvium, and left much boulder-earth in various places.

2nd. To this succeeded a period of submergence, when the sea

gradually advanced until almost the whole country was covered.

This was the time of the marine drift with floating ice. The
beds with arctic shells also belong to it ; and some of the brick-

clays are probably but the fine mud of the deeper parts of the

same sea-bottom.

3rd. The land emerged from the water, during which the preceding

drift-beds suffered much denudation, giving rise to the extensive

superficial accumulations of water-rolled gravel that now over-

spread much of the surface. This movement continued until

the land attained a higher position than it now has, and became

connected with the continent of Europe : its various islands

were probably also more or less in conjunction. The present

assemblage of animals and plants gradually migrated hither

from adjoining lands. Glaciers may have still formed in favour-

able places, but probably never regained their former extension.

4th. The land sank again until the sea in most places reached a
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height of from 30 to 40 feet above the present tide-mark.

Patches of forest-ground were submerged along the coast. The
clays and beds of silt, forming the " carscs " of the Forth, Tay,
and other rivers, were acctimulated, as well as the post-ter-

tiary beds described by Mr. Smith of Jordanhill (Trans. Geol.

Soc. vol. vi. p. 153), the shells of which agree with those of our

present seas.

5th. An elevation at length took place, by which the land attained

its present level. As Mr. Smith has shown (see Werner. Soc.

Memoirs, viii. p. 57), this probably occurred before the Roman
invasion

; but that Man had previously got into the country
appears from the fact of the elevated beds of silt near Glasgow
containing overturned and swamped canoes with stone imple-

ments (see Rrit. Assoc. Report, 1855, Sect., p. 80).

On the Occurrence of Crag Strata beneath the Roelder-clay in

Aberdeenshire. 15y T. F. Jamieson, Esq.

i
[Communicated by Sir Roderick I. Murchison, V.P.G.S., &c.]

[Read June 13, 1800, but, by permission of the Council, printed here in asso-

ciation with the foregoing paper, which has reference to the same district,]

In the parishes of Slains and Cruden (see Map, p. 348) we have beds

apparently of the same age as the English Crag formation. They
consist of stratified sand and gravel underneath the boulder- clay,

and reposing upon the old rocks of the district. I need not enter

into any description of the locality in which these deposits occtir, nor
of their general character, as these will be found detailed in a paper
on the Pleistocene of Aberdeenshire, which the Geological Society

did me the honour of printing in the 14th volume of their Journal
(see pp. 522-525).

I had even at that time some suspicion of their Crag character,

from their position below the boulder-clay, and, further, from the

total absence of any glacial stria; or polish upon the pebbles : but I

have since then made a close search amongst the comminuted shell-

fragments that arc everywhere sparingly scattered through the mass ;

and it is from the character of these, combined with the geological

position of the strata, that I infer the age to be probably that of

either the Red or the Mammalifcrous Crag of Kngland.

I have upwards of a score of hinge-fragments which T can safely

refer to the C't/jtrinn rus/ica or J'titus rusticri of Soworbv's ' Mineral

Conchology'—a shell which is unknown in the drift-beds, and which,

so far as 1 am aware, has been found only in the Crag; likewise a

few fragments of the Fhsus nmtrarius, another Crag form.

The prevailing species of Putt n. so far as 1 can judge from the small

pieces I have collected, is the Crag variety of /'. oj>< n tilnris, viz.

opt rcularis, var. Atnltmi iti . Some of the species of As/urt> appear

also to belong to A. Oumlii ; and the only specimen of Purpura is

a Crag variety of /'. UtpUhu (vi/.. /'. Inpi/lns, var. MMftMMlfl of S.
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"Wood), allied in appearance to P. tetragona (otherwise Murex alveo-

latus).

The following is a list of the shells, so far as I have been able to

decipher them from their broken and water-worn fragments :

—

Cyprina rustica. Not very nncommon.
G. Islandica. Very common, being the most plentiful shell of the

deposit.

Astarte. Apparently several species; but the condition of the

fragments renders their identification difficult.

Venus. Apparently of more than one species ;
but, judging from

the hinge-pieces, V. casina is the most common.
Artemis lincta. A few fragments.

Cardiwm. Not uncommon, and of more than one species, some of

them of large size.

Pecten. Several species. The most common, so far as I can

make out from the remains, seems to have been P. opercularis,

var. Audouini. One small bit looks like P. maximus, while

the ribbing of another is more like that of P. princeps.

Pectunculus glycimeris. Common ; and it seems to have attained

a good size.

Tellina solidula. Of some specimens sent to Mr. S. P. Woodward
two years ago, he wrote me, " There are two specimens of the

Tellina of unusual thickness. Mr. M'Andrew would scarcely

believe it this species (T. solidula) ; but it is like no other."

Mya, apparently M. truncata. One or two pieces.

Fusus antiquus. Not very uncommon.
F. antiquus, var. contrarius. Three or four fragments.

Mangelia, like M. turricola, but distinct. One specimen.

Purpura lapillus, var. incrassata of S. Wood. One specimen.

Besides these, I have fragments of other species which I have not

yet been able to identify. The whole of those above enumerated are

found in the Crag of England ; while the character of the group is

different from the usual assemblage met with in the drift-beds of

this part of Scotland. For instance, Pecten Islandicus is the only

Pecten I have found in the drift ; and none of the fragments from

these supposed Crag beds appear to belong to it. We miss also

Tellina proxima, Natica, and other common drift-shells.

The materials of the strata are all very much water-worn, and
indicate long rolling about in a shallow sea. The shells have suffered

similar treatment, and are accordingly so broken and worn as to

render their identification very difficult. I have gathered hundreds

of fragments, but have never yet got one perfect specimen. Some of

the pieces are filled with a hard stony crust ; and occasionally indu-

rated, calcareous nodules are met with full of comminuted shells.

Owing to the covering of drift, however, the beds are very badly

exposed ; but the mass in many places reaches a thickness of 30 or

40 feet, and in some cases a good deal more.

If I am right in referring this sand and gravel to the age of

the Crag, it will throw some light upon the origin of our chalk-flints
;
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for, as flints are common in these beds, it would show that they could

not have been drifted hither during the glacial period, but must have
existed in the district before.

In addition to the flints, these so-called Crag beds contain great
quantities of limestone-fragments, apparently derived from secondary
strata, and unlike any rock I have seen hereabouts. Some of them
are of a yellow, others of a smoke-grey colour

; they are of a tough,

compact, earthy texture, and often finely laminated. Organic remains
are rare in them, but do occur. A day or two ago I struck open a

cast of a Terebratula in one, and a small elongated species of Mytilus,

and have seen the impression of a little Fish in another. The aspect

of the Terebratula suggests a Permian age ; and the general character

of the fragments altogether seems to resemble that of the Magnesian
limestone. "Where the}r came from, however, is a mystery.

There are also many fragments of red and grey sandstones—all

whispering, as it were, of some great denudation that has taken place

in the siUToimding region.

P.S. [September 24th, 18G0.]—Since the above was written, Mr.
Searles Wood, whose monograph on the Mollusca of the Crag has
associated his name so indissolubly with that subject, has done me
the favour of examining the fragments which I had collected from
these beds. He agrees with me in thinking that, altogether, they
have decidedly a "Crag" aspect; and, "on the whole," he says,
" I think you are justified in assuming that the Red Crag sea ex-
tended itself into your neighbourhood."

Mr. Wood has also identified the following additions to the above
list of Mollusca :

—

Nassa n ticosa, var. rugosa. " A truly characteristic fossil of the

Eed Crag."

Fholas. Several fragments.

Qlyevmeris? Two fragments.

I would fain say a word or two as to the probable cause of the

preservation of this patch of Crag; for the thickness of the mass
shows it to be the remnant of a more widely spread deposit ; and it

is remarkable that not a trace of it is seen in the ad joining valley of

the Ythan. There must, therefore, have been some peculiar reason

why it was left here only and nowhere else. Now, I have fre-

quently remarked that the locality is one that during a glacial epoch

woidd be singularly out of the way of the movement of land-ice
under the most frigid climate that could be supposed, and one also

remarkably secure from the destructive effects of off-rushing water
during movements of upheaval. 1 cannot, therefore, avoid thinking

that its preservation may have been due to this favourable position

during the vicissitudes of the Drift-period.
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February 17, 1860.

Annual General Meeting.

[For the Reports of the Council, &c, see the commencement of this volume.]

February 29, 1860.

"William Smith., Esq., C.E., Salisbury Street, Adelphi; and C. A.
Sanceau, Esq., F.C.S., Blackpool, Lancashire, were elected Fellows.

The following communication yeas read :

—

On the Zone of Avicula contorta, and the Lower Lias of the South

of England. By Thomas Wright, M.D., F.E.S.E., and F.G.S.

Contents.

| I. Introduction.

Boundary of the Avicula contorta beds and the Lower Lias.

§ II. The Zone of Avicula contorta.

Section at Garden Cliff.

Section at Wainlode Cliff.

Section at Coombe Hill.

Section at Bushley.

Section at Aust Cliff.

Section at Penarth Cliff.

Section at Upliill.

Section at Watchet.
Section at Beer-Crocomb.

§ III. The Lower Lias.

1. The Zone of Ammonites pla-

norbis.

Sections in Somersetshire, at

Street, &c.

Sections inWorcestershire,Glou-
cestershire,and Warwicksliire,

at Brockeridge, Strensham,
Binton, &c.

Lithology of the Am. planorbis

beds, at Brockeridge, Up-
Lyme, Pinhay, &c.

Localities of the Am. planorbis

beds.

Fossils of the Am. planorbis

beds.

2. The Zone of Ammonites BucJc-

landi, or Lima-beds.

In Gloucestershire and Somer-
set, at Saltford, &c.

At Lyme Regis.

On the coast of Glamorganshire.

§ IV. Conclusion.

Section at Culverhole.

Section at Abbot's Park, Staf-

fordshire.

Sections in Warwicksliire, at

Wilmcote, &c.

Fossils of the Avicula contorta

zone.

Equivalent of the Bone-bed in

the North of Ireland.

Fossils of the Am. BucMandi
zone.

3. The Zone ofAmmonites Turneri.

In Gloucestershire and War-
wickshire.

In Dorsetshire.

Fossils of the Am. Turneri zone.

4. The Zone of Ammonites obtusus.

In Gloucestershire and War-
wicksliire.

In Dorsetsliire.

Fossils of the Am. obtusus zone.

5. The Zone of Ammonites oxy-

notus ; in Gloucestershire,

Dorsetshire, and Yorkshire.

Fossils of the Am. oxynotus

zone.

6. The Zone of Ammonites raricos-

tatus ; at Cheltenham, Lyme
Regis, and Robin Hood's Bay.

Fossils of Am. raricostatus zone.

§ I. Introduction.—Although the Liassic formation of England
and Wales attains a development equal in many respects to that of
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the Lias in any other land, hoth as regards the sequence of its different

zones of life, the richness of their faunas, and the fine preservation of

the animal remains contained therein, still the stratigraphical rela-

tions of these subdivisions, with the range and distribution of the

species in time and space, have not received from English palaeonto-

logists that measure of attention bestowed by the geologists of

the Continent on the Lias of their respective countries. In conse-

quence of this neglect, the correlation of many of our Liassic beds

with others of the same age on the Continent of Europe has not been
satisfactorily made out, and requires re-examination.

Having dining the summer of 1859 made excursions to several of

the most typical localities in the counties of Warwick, Gloucester,

Glamorgan, Somerset, and Dorset, with the view to determine the

stratigraphical relations of certain beds of the Lower Lias containing

Echinodermata, I had the satisfaction of discovering, in this search,

the true position of the Saurian-bearing beds at Street and their

relation to the Ammonitiferous beds of the Lias, and finding the

Avicula contorta beds,-—the equivalent of the Upper St. Cassian

beds and " Kossener Schichten," which have so long engaged the

attention of foreign geologists, thus establishing important palooonto-

logical correlations with a series of Continental deposits,—the Kosscn
strata, of great interest in both Triassic and Jurassic geology.

Boundary of the Avicula contorta beds and the Lower Lias.—In
tho zone of Avicula contorta I include all the black shales with
their interstratified sandstones, limestones, and Bone-beds which lie

between the grey, green, and red marls of the Keuper. and the lowest

Ostrea beds in the zone of Ammon ites pianorLis ; and in the Lower
lias I include all the marls, clays, and limestones lying between the

Ostrea beds at the base of the zone of Ammonites planorhis, and the

clays containing Ammonites raricostatus, and the upper beds of the

same zone, charged with Hippopodium ponderosum, Qrypheea oh-

liqua, and Ca/rdinia Listeri.

In the Table at p. 370, 1 have arranged the zone of Avicula contorta

with the different zones of the Lower Lias, and, in parallel columns,

have added the designations by which some of these groups are

distinguished by British geologists.

j
Tablb,
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The Avicula contorta beds and the Subdivisions of the Lower Lias

proposed in this Memoir, compared with the Classification of the

same strata adopted by other British geologists.

Ammonite-zones
adopted in this

Memoir.

Sir R. Murchison's
' Geology of Cheltenham.'

Sir H. De la

Beche's ' Section
at Lyme Regis,'

Geol. Trans. 2 ser.

vol. ii.

J

Rev. W. Cony-
1 beare's ' Geo-
1 logy of En-
gland and
Wales.'

Zone 0/
Ammonites
raeicostatus.

Hippopodiuni-
v

. bed.

Cardinia-bed.

WER

LIAS.

Zo«e 0/
Ammonites
oxynotus.

Zcme 0/
Ammonites
obtusus.

- Ammonite-bed.

Lower Lias

Shales (in

part).

Upper Marl
(in part).

Upper
Marls.

THE

LO Zowe 0/
Ammonites
TlJRNERI

Zone of
Ammonites
Bucklandi.

Zone of
j. 1 .1 1 .1 1

" ' , > 1

1

PLANORBIS.

) J

Plagiostoma-
N

beds.

Saurian-beds.

Insect-lime-

stone.

Lower Lias

Limestones
y

and Shales.

J

Blue Lias.

Limestone.

White Lias.

J

True Lias
* Beds.

M
Ph

U
H
H

Zone of
Avicula con-
torta (upper

fart of the

Keuper).

Bone-bed.

J

Lower Marl. Lower
Marls.

Red or Keuper Marls. Red Marl.
New Red
Sandstone.

§ II. The Zone op Avicula contorta.

Von Buch, " Schicht mit Gervillien auf der Gruber Alp am Setz-

berge in den bayr. Alpen," Denkschr. Akad. Wissensch. Berlin,

Jabrg. 1828, p. 82. Alberti, " Versteinerungsreicber Sandstein von
Tabingen," 1834. Strickland, " Calcareous Sandstone witb Pectens,

and White Micaceous Sandstone witb bivalve shells," Proceedings of

the Geological Society, 1842, vol. iii. p. 586. Portlock, " Shale " with
Avicula contorta, and " loose gritty marl " containing Pecten Valoni-

ensis, Eeport on Geology of Londonderry (1843), pp. 126,127. Brodie,
" Pecten-bed," Fossil Insects of the Secondary Rocks (1845), p. 58.

Quenstedt, "Gelbe Sandsteine," Flozgebirge Wiirttembergs, 1846.
Emmerich, " G<?rvillien-Schichten," Neues Jahrbuch, 1849, p. 437.
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Schafhautl, " Schiefergcbildc der Wetzsteinformation mit Gervillien,"

Geognost. Untersuch. sudbayrischen Alpengebirges, 1851. Von
Hauer, " Kossener-Schichten," Jahrbuch der k. k. gcologischen

Ecichsanstalt, 1853, p. 733. Escher, " Oberes St. Cassian," Gcolo-
gische Bemerkungcn iibcr Yoralborg, 1853. Gumbel, " Gervillien

-

(Kossener-) Schichten in der Gruntcn," Geognostiscbe Skizze, 1856.
Oppel and Suess, " Kossener-Schichten/' 1856, Sitzungsber. Akadem.
"Wissenschaffc. Wien, vol. xxi. p. 535. Oppel, " Kossener-Schichten,"

1857, ibid. vol. xxvi. p. 7 ;
"Bone-bed," Juraformation (1856),

pp. 16 & 290. Winkler, " Die Schichten der Avicula contorta inner-

und ansserhalb der Alpcn," 1859. Oppel, "Die Zone der Avicula
contorta" Wurttemberg naturw. Jahreshefte, 1859, p. 315. Lyell,
" Infra-liassie Strata of Austrian Alps," Supplement to the Manual
of Geology, 5th edit., 1857. Suess, "Kossener-Schichten," Ucbcr die

Brachiopoden, &c, 1854. Jules Martin, " Infra-Lias " (pars), Pa-
leontologie stratigraphique de lTnfra-Lias du Departement de la Cote-

d'Or, Mem. Soc. Geol. France, 2e
serie, vol. vii. 1860.

The Avicula contorta beds, as proved by the list of synonyms pre-

fixed to this section, have for thirty years engaged the attention of

geologists, "who, after much discussion as to their true place in the

series, are still divided in opinion as to whether they ought to be con-

sidered the uppe r portion of the Keuper or the basement-beds of the

Lias. It is now generally admitted that the fades of the fauna of the

Avicula contorta beds has more affinities •with the Kossener-Schichten

of the Tyred and the Upper St. Cassian beds of Germany than "with

the true Lias ; and I shall demonstrate that most of the species of

Radiata, Moll/usca, and Fishes found in the Avicula contorta beds are

special to them, and do not pass into the Lias.

At one time the Upper St. Cassian beds "were considered to belong

to the Trias, and the Fishes found therein -were registered by Agassiz

as Triassic ; whilst the Conchifera were remarked to have many affi-

nities with species found in the Musehelkalk. A better acquaint-

ance with the fauna of the St. Cassian and the Kiissen beds has

proved, however, that most of the leading species in these formations

arc found in the Avicula contorta beds, and that in fact they all

belong to one zone of life which lies upon the confines of the Keuper
and the Lias formations, having a common boundary-line in the

sandstones and shales below that remarkable stratum the Bone-bed,

which has been found to occupy the same relative position in the

Avicula contorta scries ofEngland, France, Luxemburg, Germany, the

Tyrol, and the Jura.

In all these countries it contains portions of the same species of

Fishes, and probably of Reptiles, under similar fragmentary con-

ditions, forming a true Bonc-brcccia.

Section at Garden Cliff.—The following section of Garden Cliff on

the Severn, near Westbnry, affords the best exposition of tho Avicula

contorta beds in Gloucestershire ; and as each stratum rises in succes-

sion by the river-bank, it can be examined and measured with great

exactness. This section differs in many important points from others

which have been published by previous observers, as those of De la

VOL. XVI. I'AET I. 2 F
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Beche and Brodie
;
but, as I have had the pleasure of examining this

section lately in company with my friends Messrs. J. Jones and Lucy,

of Gloucester, whose observations entirely agree with my own, I feel

more confidence in the accuracy of the details here given, after their

having been tested by three different observers.

Section of the Avicula contorta heels at Garden Cliff near Westbury-

on-Severn.

(The beds are described in descending order.)

No. Lithology. ft. in.

1. The Ostrea-bed; a. hard, dark-

grey, argillaceous Lias lime-

stone
;
many shells on the sur-

face 4
2. Greyish clay from 1 ft. to 2

3. The Monotis-bed ; a cream-co-

loured, argillaceous, fissile

limestone from 4 in. to 8

4. Greyish shaly clay...from 1 ft. to 2
5. The Estheria-bed; a light-grey

nodular limestone, in parts

shelly; forming a prominent
band in the cliff 1

6. Dark friable shale ; containing
many fossiliferous seams : 8 ft.

to 10
7. Dark shaly clay; containing

many compressed shells

8. Dark shale
;

containing many
seams of compressed shells . .

.

9. The Pecten-bed; a dark argil-

laceous limestone

Black shales 610.

11.

1

4

Organic Remains.
Ostrea liassica, Strickl., Modiola mi-
nima, Sow., Cardium, n. sp.

(This bed is one of the lowest of the

Ammonites flanorbis series.)

The Monotis-bed contains Monotis
decussata, Goldf., in great profu-

sion in the upper laminae ; and in

the lower, Myacites musculoides,

Schl.(?), Cardium Bhcsticum, Mer.,

Modiola minima, Sow., Monotis
decussata, and Ostrea liassica.

The Estheria-bed contains in some
part nests of Estheria minuta,

Bronn. In the shelly portions I

have found Pectcn Vcdoniensis,

Defr.

Many small compressed Conchifera,

which have not been determined.

Pidlastra.

Pecten Valoniensis, Defr., numerous
and compressed.

Fossils rare : bodies resembling Co-
prolites.

Bones of Saurians and Fishes, teeth

of Reptiles, teeth of Fishes, as

Saurichthys, Acrodus, Hybodus,
and Ceratodus, with many Copro-
lites.

The Bone-bed ; a thin band of

greyish calcareo-siliceous rock

;

containing osseous debris and
much pyrites. A true bone-
breccia

12. Black shales 2
13. Dark-grey micaceous sandstone;

ripple-marked on the upper
surface

;
forming a prominent

bed in the cliff; large slabs lie

on the shore 9 in. to 1

14. Black shale 2
15. A band of grit resembling No.

13; containing scales and teeth

and much pyrites

16. Hard black shale 2
Grey marls of the Keuper.

The beds are all conformable, and dip to the S.E. at angles varying

from 2° to 4°. The Kenper Marls are well exposed in the Cliff, with

Avicula contorta, Port!., Cardium
Bhcsticum, Mer., Pidlastra areni-

cola, Strickl., and Modiola mi?mta,
' Goldf.

Bones, scales, and teeth of Fishes,

Pullastra arenicola.

Bodies resembling Coprolites.
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a thickness of above 80 feet. When this section, is lit up by the sun's

rays, and seen at a distance of two miles, it has a most beautifully

picturesque appearance from the varied colouring of its different

beds.

Section at Wainlode Cliff.—Wainlode Cliff on the Severn, between
Gloucester and Tewkesbury, affords a similar section of the same
beds, the details of which have been already published by the late

Mr. II. E. Strickland in his paper on the Bristol Bone-bed*, and by
the liev. P. B. Brodiein his work on Fossil Insects f. The following

abstract will enable the reader to correlate the strata at Wainlode with
those at Garden Cliff.

Section at Wainlode Cliff.

ft. in.

1. Thin beds of Lias-limestone, alternating with beds of clays

and marls, and having quite near the top a band of hard
lias-limestone ; the Ostrea-bed, with Ostrea liassica,

StrickL, and Modiola minima, Sow 22
2. Hard, greyish, slaty bed, containing scales and teeth of

Fishes (Gyrolepis, Hyhodus, and Saurichthys) 1

3. Dark-coloured slaty clay 1 6
4. The Pecten-bed ; a dark-coloured, pj*ritic, calcareous

sandstone, containing Pecten Valoniensis, Defr., in con-

siderable numbers, Avicula contorta, Portl., and two
other species of shells 4

5. Dark laminated clay

6. The Bone-bed - a dark, hard, pyritic sandstone, contain-

ing bones, scales, and teeth of Gyrolepis, Ifybodus, and
Saurichthys, imbedded in a light-coloured sandstone, in

which are abundance of Pullastra arenicola, Strickl.,

and Avicula contorta, Portl 3
7. Black shales 2
8. Light-greenish marl, breaking into angular fragments. . 23
9. lied marl, with bands of a greenish colour 42

[The beds dip very slightly to the south.]

100 2

Coombe Hill.—On lowering the road to the canal which passes

through the low escarpment formed by the junction of the Lias and
Bed Marl at Coombe Hill, m ar Cheltenham, and 3.1 miles north-east

of Wainlode Hill, the Avicula contorta lieils were cut through, and
a considerable quantity of the I'one-bed was obtained. The late

Mr. Dudficld of Tewkesbury made a large collection of specimens of

the Bone-bed from this cutting, and the late Mr. II. K.Strickland

gave a detailed section iu bis paper J on this subject. Beneath
22 feet of Lias-clays, the following beds were found :

—

ft. in.

Dark, impure, pyritic limestone G With Pictcn Valotlietuii and Pul-

laaira.

* Proe. of the Oeol. Soe. vol. iii. p. 530.

t Fossil Insects of the Secondary Koeks, p. 0>.

\ l'roc. of the tieol. fcJoe. vol. iii. p. b6o.

2 w 2.
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ft. in.

Black laminated clay 8
Hard, greyish, pyritic limestone 2
Black laminated, clay 1

Greyish sandstone 2
Black laminated clay 1 6
Bone-bed

1

Black laminated clay 3 6
Greenish, angular, Keuper

marls 25

Apparently unfossiliferous.

With bivalve shells, undetermined.
Unfossiliferous.

With Fullastra arenicola.

Unfossiliferous.

With teeth of Scmrichthys, Acrodus,

and Hybodus; scales of Gyrole-pis;

Saurian bones ; and Coprolites.

B'ushley.—Another intersection of the low escarpment, formed by
the junction of the Lias with the Bed Marl, on the Ledbury Eoad
near Bushley, exposed a similar section to the preceding. The
Pecten Valoniensis bed was underlain by 9 feet of black shale, which
rested on a light-coloured micaceous sandstone containing Fullastra

arenicola and Avicula contorta.

It is evident from these details that the Avicula contorta beds in

Gloucestershire and Warwickshire are very similar in their strati-

graphical character.

Aust Cliff.—If we proceed from Garden Cliff down the Severn, the

next section of the Avicula contorta beds is met with at Aust Cliff,

so long famous for its Bone-bed and the large number of Ceratodus

teeth which from time to time have been collected therefrom. My
friend Mr. William Sanders, of Bristol, measured this section some
years ago, and the results of his observations were published by Sir

Henry De la Beche in his valuable memoir on the Geology of the

South-west of England*. Buckland and Conybearef had previously

published a section of Aust Cliff hi their memoir on the South-
western Coal-district of England.

In the upper part of the section we find about 2 feet 6 inches of a
grey argillaceous limestone, containing Ammonites angulatus, Schlth.,

Lima gigantea, Sow., Lima antiquata, Sow., and Modiola Hillana,

Sow., representing the bottom-beds of the Lima series. BeloAV these

are nine beds,, consisting of grey marls and argillaceous limestones,

representing the zone of Ammonites planorbis ; the lowest lime-

stone-bed of that set contains scales of Fishes, elytra of Insects, with
Modiola and Terebratula.

This rests upon
ft. in.

/Black shales G
Grey argillaceous limestone 8 With Fishes' scales, abundant.
Black laminated shale 3
Calcareo-arenaceous bed ...

Zone of

Avicula -i

contorta.
Black laminated shale

Bone-bed 1 in. to

Fei r
(" Pale arenaceous marls ... 1

marls I

^1,eemsn m£irls 2
~ ' [ Variegated red marls 120

With Saurian bones and Fishes'

scales.

With Fishes' teeth, Saurian bones,

and Coprolites.

* Memoirs of the Geological Survey of Great Britain, vol. i. p. 253.

t Geol. Trans. 2nd series, vol. i. pi. 37.
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Pecten Ycdoniensis is found in blocks on the shore, and likewise

slabs of sandstone with Pullastra arenicola. The Bone-bed abounds
with the teeth of Ceratodus and other Fishes ; and the vertebrae and
other bones of Saurians and Fishes are strewed, together with Copro-
lites, abundantly throughout this remarkable rock, which here forms
a conglomerate composed of rounded portions of an argillo-arenaceous

and calcareous rock, with which are mingled the bones, teeth, and
coprolites of Eeptiles and Fishes.

Tho Bristol Museum contains a series of fossils from the Aust
Bone-bed; but the finest collection of Ceratodus teeth from this

locality has been made by Mr. Higgins of Birkenhead, who reckons
that he has found 140 different forms of the teeth of this singular

genus.

Section at Penarth Cliff.—On the opposite side of the Bristol

Channel at Penarth Head, near Cardiff, a magnificent section is

exposed, showing the Lower Lias and Avicida contortaheds resting on
the variously coloured marls of the Keuper. The lower half of this

cliff may bo considered as a roll of the same beds which I have
already described as occurring at Garden Cliff, 44 miles higher up the

Birer Severn. At Penarth the relative position of the zone of the

Ammonites Bucldandi, the zone ofAmmonitespla/norbis, and the zone

of Avicida contorta, with the red and grey marls of the Keuper, are

all seen in situ in this fine and instructive coast-section.

The upper part of Penarth Head is composed of alternate beds of

limestone and shale which represent the zone of Ammonites Twrneri,

Avith Pentacrmus tuberculatum, Mill., Cardinia ovalis, Stutch., and
Grypluea incurva, Sow. These attain a thickness of from 10 to

15 feet, and overlie the Lima-beds or zone of Ammonites Bucldandi,

which, in like manner, consists of alternate beds of limestone and
shales, baring a thickness of 50 or 60 feet. They are well seen

in tho cliff, forming a vertical wall, and may be examined in the

quarries behind the church. I collected here Lima antiqua, Sow.,

Lima (jhjantea, Sow., Lima punctata, Sow., Lima pectinoides, Sow.,

Cardinia hijbrida, Stutch., (Jnicardium cardioidts. Phil., two or three

species of Pecten, and a large-ribbed Lima. Beneath tho Lima-
scries are beds of laminated clay, containing Ammonites planorbis,

Sow., and alternate beds of marly clay and courses of limestone, witli

an abundance of Ostrca liassica, Strickl., on the surface of some of the

slabs. These beds attain a thickness of about 10 feet or more, and

arc underlain by a bed of stiff clay containing Ostrea liassica and

Modiola minima.

The Avicida contorta beds form an important feature in the cliff,

consisting, as they do, of blackish shales interposed between (he light-

coloured marls of tho Keuper, below, and the light-coloured lime-

stones and shales of the A. planurbis lied above, lly measurement I

found the thickness of tho Avicida contorta series to hrlM'eet ; and 1

could see them distinctly in the section some miles out in the channel.

The uppermost bed consists of 5 or (> feet of a dark marly clav, with

Myacites and Area, of undescribod species, which lie in scams ; in
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the bed beneath the marl is a band of hard calcareous rock, which

appears to be very persistent; on its upper surface He immense
numbers of Pecten Valoniensis, Defr., closely compressed together,

but in a bad state of preservation. "With these are associated a fine-

ribbed Anomya, and other shells in a fragmentary state. Beneath

this Ptfctfm-band lie many feet of dark shales, and then another

stony band with Pecten Valoniensis, underlain by shales and layers

of ripple-marked micaceous sandstone, with Avicula contorta, Portl.,

and Pullustra arenicola, Strickl. The Bone-bed occurs likewise in

this section, although I failed to find it in situ, from the weather
having been unfavourable during the previous day. Between the

sandstone and the Keuper is a black shale 2 feet thick. The upper-

most bed of the Keuper, on which the shales repose, is a very hard

rock. The greenish-grey marls of the Keuper, with a few purple-

coloured bands, measure about 30 feet. Beneath these is a band of

pure white gypsum, succeeded by other variegated, red, and greenish

marls, of which 30 feet or more is seen.

Section at Uphill Cutting, near Weston-super-Mare, on the Bristol

and Exeter Railway.—The Avicula contorta beds in Somersetshire

are exposed by a railway-cutting at Uphill near "Weston-super-

Mare, and on the coast at Watchet. At the former locality I ob-

tained a section of the Lias resting conformably on the marls of the

Keuper ; but it has been suddenly upheaved and inclined to a high

angle by the intrusion of Carboniferous Limestone, which has been
thrust upwards by a mass of igneous rock seen in situ near the level

of the railway. The disturbance has been quite local, as the red
marl is only slightly disturbed at a short distance from the Car-
boniferous Limestone.

a. Alternate beds of light-coloured Lias ft.

limestone and shales, inclined at an
angle of 40°, much fractured and dis-

turbed 10
b. Dark-greyish laminated shales, inter-

stratified with thin bands of limestone

;

between the laminse of the shales are

found Ammonitesplanorbis, Sow., com-
pressed, and having the shell white . . 14

c. Band of Lias limestone

Zone of d. Dark shale, with Ostrea liassica, Strickl. 3
Ammonites ^ e. Band of Lias limestone

planorbis. f. Dark shale, with Ostrea liassica, Strickl. 3

g. Beneath the preceding bed are from
twelve to fourteen beds of limestone

and shales or marl (a bed of limestone

and a bed of marl alternating). Ostrea

liassica and Modiola minima are found

sparingly in the beds 12
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r
h. Thin band of dark grit, containing ft. in.

scales and teeth of Fishes 14
i. Dark-grey shaly marl 4 6

j. Upper Pecten-bed; a dingy-coloured

pyritic limestone, containing Pecten

Valoniensis, Defr., Cardium Rhcrticwn,

Mer., and other shells iindctermined. . 2
Tc. Grey marl 2
I. Band of limestone with Pectens and

gypsum 2
m. Dark marl 4
n. Lower Pecten-bed ; a dark pyritic limc-

Zone of stone, containing Pecten Valoniensis,

Avicula <^ Defr., Avicula contorta, Portl., and
contorta. Anomya, sp 6

o. Dark marls 3
p. Laminated shale 3

q. Dark marl 1 9

r. Stony band or impure limestone 3
s. Coprolite-bed {Bone-bed) ;

teeth, scales,

and coprolites 2
t. Dark shaly marl 3 6

u. Band of stone 8
tu. Dark indurated marl 2
as. Band of stone « G

y. Dark indurated marl, resting on a pebbly

^ conglomerate 3 6

Green Kcuper marl.

[I am indebted to my friend Mr. Day, of Weston-super-Mare, for

assisting me to complete the details of the lower beds of the above

section.]

In this cutting the uppermost portion of the grey marls of the

Keuper are overlain by a thin bed of conglomerate, formed of small

round quartz-pebbles (//) ; on this the first bed of black shale rests.

The Bone-bed is now with difficulty found in si/" ; portions of it,

however, are among the spoil on the bank. In blocks of sandstone

I found the troth otXaurichtlii/s, I/i/bodus, Gfyrolt pis, and fragments of

bones and coprolites. This thin band of dentifero'us sandstone is

interstratified with the black shales.

The Lower Pcctcn-bed is a dark, slate-coloured, pyritic, scmi-

induratcd shale, containing several compressed Conchifera. The
only species that I could determine was Pectin I'aluitiiDsis, Defr.

The dark shales (in) above this bed contain few, it any, fossils;

but impressions of shells arc seen sometimes between the lamime.

The Upper Pecten-bed (j ) consists of a band of hard, greyish, argil-

laceous limestone, from 8 to 10 inches in thickness ; it is traversed hy

veins of crystallized carbonate of lime, and contains many fossil shells.

I collected from two or three blocks J'n/,,/ Vnlnn'n nsis, Defr;

Cardium Ithaticion, Mer., Jlodiola, MyCUiites, Avicula contorta,

Portl., and Anonuja. As small blocks of this bed can now only he
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obtained with difficulty, the list is consequently very limited ; some
of those, however, which I broke all contained fossils in moderate
numbers. Could this bed be worked, I have no doubt other species

might easily be added to our list. The Upper Pecten-bed is overlain by
about 5 feet of dark laminated shales (i), in which I found no fossils.

The greyish limestone and shales (g to a), containing Modiola
minima and Ostrea liassica, which succeed the Avicula contorta

beds, attain a thickness of from 18 to 20 feet. I regard this series

as the equivalent of the Lower Saurian beds at Street. These beds

will be described in detail under that section.

The Am. planorbis bed (b) is represented by dark-greyish la-

minated shales containing compressed shells of Ammonitesplanorbis,
Sow., which are inclined at an angle of 45° high up in the cutting,

and have been very much disturbed by the. upraised limestone.

The alternate beds of light-coloured limestone and shales (a),

highly inclined and much fractured, appertain to the zone of

Ammonites Bucklandi, as in them I found portions of Lima gigantea,

Sow. These beds very much resemble similar strata of the A.
Bucklandi series seen in situ at Up-Lyme, and which will be de-

scribed in the sequel.

Watchet.—The Avicula, contorta beds are exposed in a coast-sec-

tion at Watchet, where the zone of Am. planorbis has been long

known from its having yielded shales containing the original speci-

mens of Ammonites planorbis and Am. Jolinstoni, first figured by
Sowerby in the ' Mineral Conchology.' The nacreous layer of the

shells is beautifully preserved in these Ammonites from Watchet.
The Bone-bed here consists of a hard, bluish-grey, sandy lime-

stone, about an inch in thickness, containing fragments of bone, with
teeth and scales of Fishes. In the bands of sandstone small shells

(Pullastra arenicola) are found in the state of moulds.

Beer-Crocomb.-—My friend the Rev. P. B. Brodie informs me
(September 25, I860) that at Beer-Crocomb, about five miles from
Ilminster, in Somersetshire, he found several years ago the Insect-

limestone, which contained wings of OrtJioplilebia, elytra of Coleo-

ptera, a few small Ammonites, Aptychus, &c. There were several thin

beds of limestone divided by layers of clay, but not so thick as those

in Warwickshire. Near the quarries, on the banks of the Bridge-

water Canal, the Bed marl with gypsum is seen, which was dug out

in forming the tunnel some years previous to 1847. On the spoil-

banks were blocks of a light-coloured limestone, which lithologically

resembles the " Cypris-bed," between the Insect-limestone and the

Bone-bed, in Gloucestershire and Warwickshire. It contained a

considerable number of small univalve and bivalve shells in good

preservation. The exact position of this fossiliferous band could not

be seen in situ ; but it probably lies beneath the Insect-bed, between
that band and the Bed marl. Mr. Brodie has kindly sent me the spe-

cimens which he collected at Beer-Crocomb ; and I have found them
to resemble the fossils that I collected from the same stratum, at

Uphill. The Beer-Crocomb shells are in fine preservation : besides

several forms unknown to me, I have found the following species :

—
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Nalica. (A very small shell.)

Grervillia precursor, Querist.

Lima precursor, Querist.

Neoschizodus (Trigonia) posterus (?),

Quenst.

Avicula contorta, Port?.

Myacites musciiloides (?), Schl. (The
same form as at Westbury.)

Anomya. Small.

Caxdinia. Small.

Cardium Rhseticum, Mer.
Cardium. (Resembling the Wcstburv

shell.)

Leda.

Cypricardia. (Small.)

Mytilus minutus, Gohlf.

Quenstcdt's specimens (Der Jura, Tabl. i. pp' 27 tfc 28) were col-

lected from beds which he describes as "Die Vorliiufer von ZS
T

iir-

tingen," which lie below the Bone-bed
;
they are consequently the

equivalent of the stratum now under consideration.

Cidverhole.—The Avicula contorta beds arc represented at Culvcr-

holo, near Axmouth, by a series of black shales, interstratified with
limestone-bands, and having the 13one-bed at their base, in the fol-

lowing order, from above downwards :

—

No. ft. in. No. ft. in.

1 . Black shale 3
2. Limestone 10
3. Black shale 5
4. Limestone 10

5. Black shale 1

G. Limestone 10
7. Black shale 7
8. Bone-bed 2

My notes on the contents of the limestone-bands and shales are

too imperfect for publication. The Bone-bed, however, contains

Coprolites and the teeth and scales of Fishes ; of these I have seen

remains of Gi/rolejris, teeth of Hybodus and Saurichthys, as well as

bones of Saurians in masses of this bone-breccia.

Staffordshire.—The sandstone of the Bone-bed has been found,

by Mr. H. Howell, of the Geological Survey, at Abbot's Park, near
Abbots Bromley, Staffordshire, at the base of an outlier of the Lower
Lias. In a section which is exposed in the road at Buttermilk Hill,

on the northern escarpment of this outlier, Mr. Howell found some
beds of impure limestone, above which is a thin bed of micaceous sand-

stone containing Pallastra arenicola, Strickl., and what appear to

be Estherice, all of which are in moulds and casts.

This bed is about one foot thick ; and there can be no doubt that

it is the representative of the Bone-bed of the Lias, for it occupies

the same position, and is in every respect similar to the bed of

sandstone which occurs at the base of that formation near Tewkes-
bury*.

Warwickshire.—The Avicula contorta beds are exposed in several

localities in Warwick si lire, as at Wotton Bark near Aleester. and at

Church Lcncli near Kvcsham ; sections of these beds are seen like-

wise in the Stratford-on-Avon Railway near that town, and at the

western extremity of the Harbury Cutting of the (ireat Western

Baihvay. They have also been exposed near Binton ; and lately

their thickness and contents have been ascertained by a sinking made
at Messrs. (lie . es and K« t-1 law's i|uarry at Wilineote, of which the

following detailed seetiont affords all the particulars, at the same

* See Mom. Geol. Surve\ : Kxplanation of Section, No. U, across ihc New Bed
Sandstone, llori/.unial Section, Sheet 07. )>.(!, LSV.l.

t In introducing this valuable and instructive section, it may not be out of
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time showing the relation of these beds to the zone of Ammonites
planorbis, which overlies them.

Section of Messrs. Greaves and Kershaw's Quarry at Wihncote, near

Stratford-on-Avon,

No.

( 1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

f21.

% i

Litiiology. Thickness.

ft. in.

Yellowish clay 2 6
Light-coloured limestone 9

Dark laminated shales 1 8
Light-coloured limestone 8
Dark finely laminated shales . . 1 6
Greyish limestone 4
Dark finely laminated shale... 1

Greyish limestone 4
Dark laminated shale 1

Greyish limestone 4
Dark laminated shale 1

Greyish limestone 4
Dark laminated clay 8
Greyish limestone, irregular

in thickness 2
Dark laminated clay 9
Grey limestone 5
Dark laminated clay 7
Greyish limestone 3
Dark laminated clay 4 2
Fragmentary shelly bed 3

Dark, hard, stony clay 7

Dark-blue limestone and clay 9

Dark clay, laminated 1

Dark greyish limestone 4^

Hard crystalline limestone...

Hard crystalline limestone... \ 1

Hard crystalline limestone...

28.

29.

^30.

Hard, dark, slaty shale 1

Hard shelly limestone 1

Green clunchy shale 3

Organic Kemains ; and the
Local Names op the Beds.

" Top Blocks." (Dapeclius ?)
Ammonites plccnorbis, Sow.
" Bottom Blocks."

Ammonites planorbis, Sow.
"Fine course."

Ammonites plccnorbis, Sow.
" Mawms."

" Top Whites."

" Bottom Whites."

" Livery Beds."

" Kibs."

" Hoggs."

" Grizzle-bed."

"Buskins." Plesiosaurus mega-
cephalus, Stutchb. (Warwick
Museum.)

"Blue Blocks" or " Fire-stone

blocks."

" Pendle and Jackets." Ostrea

liassica, Modiola minima, and
Cardium.

Fire-stone, top bed.

Fire-stone, middle bed.

Fire-stone, bottom bed.

f Bottom of the quarry

:

\ shaft sunk below this.

The Guinea-bed."

place to state the economic uses of these valuable beds, as few persons appear to

be aware of the many purposes to which they are applied. The upper beds of

limestone, which are usually of a light colour, are polished, cut into squares, and
employed for paving ; the grey limestones are prepared in the same manner, and
likewise used for paving ; hence they are called in Warwickshire the " paving-

beds." In flooring halls, the light and grey squares of these beds, laid diagonally,

produce a very good effect and form a durable pavement. The shales are

burned in kilns, and ground between cylinders to a fine powder ;
by this means

a first-rate cement is prepared, which is largely used in the Midland Counties,

and is sold at the works for one shilling a bushel, or at the rate of four shillings

per barrel.
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No. Lithology. Thickness. Organic Remains; and the
ft. in. Local Names ok the Beds.

31. Fine-grained greenish marl ... 3 Estheria-bed Estheria minuta,
in clusters.

32. Blackish shales, not laminated 12 G

33. Close, laminated, micaceous,

greenish -black shale 1

34. Closely laminated shale 6
3.3. Laminated shale 1 G Upper Pullastra-bed. Avicula

con forfa, I'ul/astra arcnicola,

and Cardium.
30. Hard, close shale, not laminated 2 G
37. Dark clay and shale G
38. Strong laminated clay, with

septaria 1 3 IYcten-bed. Pccicn Valonicnsis.
30. Clay, with shells 1 8
JO. Black, hard, laminated clay ... 4
41. Pyritic stone, with shells 1 Lower Pullastra-bed.

42. Black clunchy clay 8
43. Light, soft, brown clay.

The Bono-bed lias been found at Temple Grafton ; but it is re-
presented in some of the other sections by a pyritic sandstone, in
which no true bone-breccia has been found.

Fossils of the Avicula contorta Zone.—The Bone-bed has yielded

of Reptiles

—

Ichthyosaurus', femur at Garden Cliff; vertebra) at
Frethern, Aust, and Wainlode. Plesiosaurus ; vertebra? at Garden
Cliff and Aust.

Besides these determinable bones, there are a great number of
Saurian bones 'which cannot be named, on account of their frag-
mentary condition.

in 1^41 Sir Philip Egerton read a paper before the Geological

Society on the occurrence of Triassic Fishes in British strata, and
enumerated several species of Placoids and Ganoids, obtained from
the Bone-beds of Aust and Axmouth, which, in conjunction with
M. Agassiz, he considered as Triassic species. In his conclusions from
this Ichthyologic evidence. Sir Philip stated that " he feels justified

in advancing from the facts adduced in this communication, that the
beds in question (the Bone-beds) hitherto considered as belonging to
the Lias must be removed from that formation, inasmuch as they
present a scries of Fishes not only specifically distinct from those of

the Lias, but possessing in the ganoid genera the heterocerquo tail,

an organism confined to the Fishes which existed anterior to the

Liasf."

In the following Table I have given lists of the species of Fishes

hitherto found in the Bone-beds of Kngland, and I have added from
Bronn's ' Index Paheontologicus,' the rock and locality where the

same species are said to occur on the Continent.

* Lithology nnd thickness obtained by sinking,

t Proc. GfeoL Soc. vol. ill. p. 400 (1841).
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Table showing the localities of the Fishes of the Bone-bed of England
and the Continent.

C3 tD

to

c o £

Genus and species.
ne

b
rden

ne

b 1
StPt mou

o «
MO O omo O 3

Acroclus minimus, Ag *
acutus, Ag *

Nemacanthus filifer, Ag. . .

.

monilifer, Ag * *
Hybodus minor, Ag * *

*

Gyrolepis Albertii, Ag * * *
*

Ceratodus alius, Ag
emarginatus, Ag

*

*

*

Sauricbthys apicalis, Ag. . .

.

[Some of the species of Fish are also represented by teeth and

scales in other beds of the Avicula contorta series, as at Wainlode.]

The Mollnscan remains obtained from the Avicida contorta series,

including the Bone-bed, are :
—

Pullastra arenicola, Strickland.

Cardium Ebseticum, Merian.

Area, n. sp.

Anomya, n. sp.

Modiola minima, Sow.

Modiola minuta, Goldf.

Myacites musculoides (?), Schlotheim.

Myacites, n. sp.

Monotis decussata, Goldfuss.
Avicula contorta, Portlock.

Pecten Valoniensis, Defr.

Ostrea liassica, Strickland.

The little bivalvecl Crustacean Estheria minuta, Bronn, and Copro-

lites of Fishes and Beptiles, complete the list of the organic remains

of this zone.

Equivalent of the Bone-bed in the North of Ireland.—General

Portlock* found in the North of Ireland, at Lisnagrib and Deny-
more, " alternating beds of red and variegated marl, and of red and

whitish sandstones, all more or less, but most of them highly, calca-

reous," of which he says—
" Towards the summit the light-coloured marly and highly cal-

careous grit prevails, and is succeeded by shales and calca-

reous grits, which form the transition-member between the New
Bed Sandstone and the Lias, and therefore, in part at least, corre-

spond, as their fossils do, to the Muschelkalk." And again, " Pass-

ing upwards from the sandstone, greyish and partly indurated marls

* Eeport on the Geology of Londonderry, &c. pp. 105 & 107 (1843).
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or clays are met with, which form a connecting link between the ISTew

Reel Sandstone and the Oolitic systems. These are ahout 17 feet

thick. To them succeed alternating heels of dark shale and calcareous

grit.

1. " Compact blackish even shale, or clay, the bottom of which is

not seen.

2. Seam of calcareous grit, about half an inch thick.

3. Black shale, nine inches.

4. Seam of calcareous grit, about half an inch thick, but variable
;

with impressions of bivalves on one side, and on the other the teeth

anel scales of Fishes, viz. Saurkhtlujs wpicalis, Gfyrol&pis Albertii,

Gyrolepis tenuistriatus, and Acrodus minimus (Muschelkalk fossils).

5. Black shale, seven inches.

6. Calcareous gritty shale, in some parts a calcareous grit, with
Bivalves on the faces of lamination ; five inches.

7. Black shale with Avimla contorta (n. s.) and impressions of

Cardium striatulum." \C. ffliceticum, Mer.]

The correlation of these strata with those at Garden Cliff and else-

where does not admit of the shadow of a doubt.

§ III. The Loaves Lias.

1. The Zojie op Ammonites riANORBis.

Synonyms.—" White Lias," William Smith, Memoir to the Map,
p. 47, 1815. " White Lias," De la Beche, Geol. Trans. 2nd series,

vol. ii. p. 26. " Saurian Eoels," Murchison's Geology of Cheltenham,
2nd cel., by Buckman and Strickland, p. 49, 1845. "Psilonotenbank,"'

Quenstedt, Der Jura, Table, p. 293, 1857. " Die Schichten des Am-
monites planorbis," Oppel, Juraformation, p. 24, 1856.

This elivisinn of the Lower Lias is well developed in the South of

England. In general it consists of a series of thin, greyish or bluish,

argillaceous limestones, with alternating beds of laminated shale
; or

sometimes the entire series forms a thick-bedded, argillaceous, cream-
coloured limestone, callcel " the White Lias" by William Smith. In
tbe upper half of this group of beds Ammonites planorbis, Sow., is

found in great numbers, compressed in the shales, with its white

shell more or less preserved ; in the lower portion of the series

Ostrea liassica, Strickl.*
,
appears in great numbers ; and beneath

these strata arc three or four beds of hard limestones (or " Fire-

stones "), in which the finest skeletons of Enaliosauria have been
discovered. As this distinction, by means of Am. planorbis, Ostrea

liassica, and Saurians, is a practical and usefid one in the invest iga-

* Os/rca liu.ssica, Strickland, is n very characteristic shell of t he lowest Lias

beds. It resembles Ostnn irregularis, Munstcr (Goldfuss, Petr. Genu. pi. 7-9.

fig.o) and Os.'rui rinjutu, Quenstedt (Jura, pi..*!, fig. 17). Duuker in the - l'ahc-

onlographica' (pi. (5. lig. L'7) lias figured a small Oyster from t lie Lias of llalber-

stadt ( Offmi stthlamrllosa, Dunker), which appears to be identical with our spe-

cies. These small, thin, rugose Oysters are found in great abundance in the

lowest beds of the Lower Lias in England and Germany. They arc probably
only varieties of one Bpecil s. which had a wide geographical distribution in the

seas which deposited the basenioiit-beds of the Lias.
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tion of this zone of life, I shall adhere to it on the present occasion,

—

premising, hoAvever, that Ammonites are very rare in the lower beds,

although abundant in the npper ; and that Ostrece are abundant

below, but rare above, whilst Saurian remains are found throughout

the entire series.

Somersetshire.—The best sections of the zone of Ammonites pla-
norbis are those afforded by the extensive quarries at Street, in

Somerset, and at Binton and Wilmcote, in Warwickshire. I purpose

to give a detailed description of the most typical section in each

county. In both, the strata are nearly horizontal and undisturbed,

and therefore admit of accurate measurement.

The following section of Mr. Cree's quarry at Street I have com-
pared with the sections afforded by the quarries of Messrs. Seymour,

Underwood, and Talbot in the same parish ; and find that the varia-

tion in all these sections is so inconsiderable that any one may be

said to represent the others, both as regards the sequence of the beds

and the fossils they contain.

Section of the Zone of Ammonites planorbis at Street, Somerset.

Lithology. Organic Bemains ; and the Local
No. ft. in. Names of Beds.

1. Light-coloured marly clay ... 3 " Top bed." Saurian bones and Am-
monites planorbis.

2. Light-coloured Lias limestone 9 Ammonites planorbis in moulds.

3. Yellowish laminated shale, Ichthyosaurus intermedins, Ammonites
splitting up into thin layers 3 planorbis, Lima punctata, and Isa-

strcsa Murchisoni.

4. Light-coloured shaly lime- Ammonites planorbis, compressed.

stone 4
5. Hard grey limestone 7 "Building-stone." Ammonites plan-

orbis, on the top of the bed, Lima
punctata and Lima gigantea.

6. Dark-gre>y shale 3 Ammonites planorbis, and muricated
spines of Cidaris.

7. Dark-grey limestone 6 " Corn-sized building-stone." Spines

of Cidaris and bones of Ichthyo-

saurus tenuirostris.

8. Dark laminated shale 4 Ostrea liassica.

9. Dark-grey limestone 5 " Five-inch building-stone." Ostrea

liassica.

10. Dark shale 3 Ostrea liassica.

11. Dark-grey limestone 6 " Six-inch building-stone." Cardinia

crassiuscula, Lima punctata, and
Ostrea liassica.

12. Dark shale 6
13. Greyish hard limestone, con- " The White stone." Best paving-

sisting of two 4-inch beds ... 8 bed. Fossils rare ; Ostrea liassica

and Modiola minima.

14. Hard dark marl 9 " Saurian bed." Many Saurians have

been obtained here. Ichthyosaurus

intermedins and Plesiosaurus Haw-
hinsii (British Museum). Jaws of

Saurians and Fishes.

15. Greyish fine-grained limestone 3 "The Cream-bed." Fine-grained

paving-stone. Ostrea and Modiola.

16. Brownish limestone 4" Bed Liver." Paving-stone. Few
fossils.
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18. Dark-blue shale 2
19. 6

20. 2
21. 4

22. Dark-grey laminated sliale .. . 4

23. 1

24. Grey laminated shale 1 3

25. Grevish limestone 1

Litiiology. Organic Remains ; and the Local
No. ft. in. Names op Beds.
17. Dark-coloured limestone 4 The "Black stone," used for large

paving-slabs; some of them LOft,

by ;j ft. Modtola minima, Ostrea

liassica, Myacites, aoAMhynchonella
variabilis.

Ostrea liassica and Modtola mini,mi.

" Six-inch building-stone." Ceromya,
Modiola minima, and Ostrea liassica.

"Four-inch building-stone." Fossils

as in No. 19.

Ichthyosaurus intermedins and I. tenui-

rostris.

" The Blue Clog," or "One-foot build-

ing-stone," used for steps. Ceromya,
Ostrea, Modiola, and lihynchonelht.

Samians abundant
; Ichthyosaurus in-

termedins and I. tenuirostris, now
in Mr. Seymour's possession. Pho-
lidophorus leptocephalus, Agass.

" Grey Clog." A valuable building-

stone, and used for steps, troughs,

&c. Modiola minima.

"Three-inch blue bed." Fish-remains,
Modiola minima, and Otopteris acu-

minata, L. & II.

" Fire-stone."

Plesiosaurus Ethcridgii. (In the Jer-

myn Street Museum ; and another
is now in Street from this bed.)

" Fire-stone, bottom bed." Plesiosau-

rus Hawkinsii. [The large Pies, me-
gacephalus, Stutch., now in the Bris-

tol Institution, was obtained from
the lower beds near Street.]

The Saurian beds near Langport have likewise yielded Reptilian

remains. I have obtained two fine specimens of Ichthyosaurus in-

termedins and an imperfect specimen of /. tenuirostris from this

locality, which are now in the collections of private fiiends. In con-

nexion with these Saurian beds of Somerset, it is important to note

that the oldest Enaliosauria of the Lias are Plesiosaitri, for Plesio-

sratrus lluwlinsii, Owen, and PL Ethi riiltjii, Huxley, were both

exhumed from the 4-incli fircstone, forming the bottom bed of Mr.
Cree's quarry at Street. The remarkable PLsiosnartts n<< i/ucejrfialits,

Stutch., now in the Bristol Museum, was found likewise in the

fircstoncs of a quarry near Street FoSB ; and it will be shown in my
section of the correlative beds of this zone at Wilmeoto, in Warwick-
shire, that the fine skeleton of Fleriosawnu numuephalus contained

in the "Warwick Museum was exhumed from the " tirestoiies of that

locality,—bedswhich are the precise equivalents of the " tirestoiies
"

of Street.

The small number of Conchifera hitherto found in these beds is

very remarkable. Ostrea liassica, Strickl., 0. irr»jularis, Quenst.,

20. Dark shale

27. Thin-bedded limestone

23. Thick blue limestone

29. Hard fine-grained limestone .

30. Hard, grey, fine-grained lime-

stone

31. Hard grey limestone, forming
the bottom bed 1
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Modiola minima, Sow., M. psilonoti, Quenst., Gervillia, n. sp., Ano-
mya, n. sp., Myacites, n. sp., Area, n. sp., and Cardium, n. sp., are the

only species that I have as yet collected from, the firestone-beds.

This section likewise settles a point which has been often discussed,

namely, what is the age of the Saurian beds of Somerset ? It has

been generally supposed that they belonged to the same horizon as

the lower Saurian beds at Lyme Eegis ; but this is a mistake, inas-

much as the Saurian beds at Street belong to the zone of Ammonites
planorbis, most of the reptiles having been contemporaries with that

Cephalopod. I am aware that this conclusion is somewhat in oppo-

sition to the generally received opinion upon the subject ; but there

cannot be a doubt of its truth, as it admits of the clearest demon-
stration. The Saurians of Lyme Eegis, on the contrary, are for the

most part found in beds above the zone of Ammonites Bucklandi, as

we shall learn when I describe the fauna of that zone (see page 402).

Worcestershire and Gloucestershire.—The Am. planorbis, Ostrea,

and lower Saurian beds, so well developed at Street, are likewise

found in different parts of Worcestershire and Gloucestershire, where
they present the same stratigraphical relations, and yield the same
organic remains.

The neighbourhood of Tewkesbury affords several good exposures

of the infra-ammonite beds. I have obtained Ichthyosaurus tenui-

rostris, Conyb., and Ichthyosaurus intermedins, Conyb.,from a bed of

light-coloured Lias at Ilaselgrove near " the Folly ;

" and the late

Mr. Duclfield, of Tewkesbury, collected several very fine skeletons of

Ichthyosaurus tenuirostris, Conyb., /. intermedins, Conyb., and I. com-
munis (?), Conyb., with bones of Plesiosaurus Haivlcinsii, at Brocke-

ridge Common, and from similar beds at other localities around
Tewkesbury ; and I possess several vertebrae of Plesiosaurus rugosus,

Owen, which were obtained from a bed of "White Lias at Woohidge
near Hartpury.

The junction of the Lower Lias with the red marls of the Keuper
in the Vale of Gloucester is, in general, indicated by a low escarp-

ment, which faces the west. At Brockeridge and Defford Commons
this natural boundary is exceedingly well marked, and between

these two localities there are several quarries which expose to a

greater or less extent the beds now under consideration. The pre-

sence of Ammonites planorbis in the upper strata of several of these

sections has enabled me to correlate the beds beneath with the cor-

responding strata at Street, in Somerset, and at Binton, Grafton, and

Wilmcote, in Warwickshire.



I860.] WRIGHT LLYS. 393

Section of the Ammonites planorbis bods, Ostrea bods, and Lower
Saurian beds at Brockeridge awl Defford Commons.

Zones. Strata and Organic Contents.

&P3 J

i
*

pq

& <o

•73

Light-coloured clay

White laminated limestone. " First rub," Brockeridge

;

" Chance rub," Strensham
Brown laminated clay, with compressed white shells

of Ammonites planorbis

Blue argillaceous limestone "1 " Double rub," Brocke
Brown shaly clay > ridge; " Double nurf,"

Blue limestone J Strensham.
Dark clay, with Saurian remains. "Yard clay" ..

Hard blue limestone. Ostrea liassica. On the surface

of the rock this bed is called "Red nurf" at Brocke-
ridge, " Kings nurf" at Strensham

Dark clay. The second bed of "Yard clay" at Stren
sham

Blue limestone. The " Queen's nurf," Strensham
Blue clay

Hard blue limestone, with Modiola minima
Paving-stone, separated by an inch-band of clay

Dark shale. Vertebra? of Ichthyosaurus, test and spines

of Cidaris Edwardsii, Hemipcdina, sp., and Fishes'

scales

Hard blue limestone, in square blocks. " Brick-bed.
Dark shale

Insect-limestone ; a hard argillaceous limestone, con-
taining the elytra and other remains of Insects

Blue shale

Light-blue limestone, with Cardinia, sp., Area, sp., and
Astarte, sp

Brockeridge

Strensham,

ft in. ft

3 3

4 4

3 2
3

~>

2
2 2
3 2

3 3

1 3

1 6 3
o 3 o 3

3
6
4

6
5
3

6
1 3

4

I have placed the above sections together for the purpose of com-
parison : they were first made by my friend the Rev. J'. R. Rrodie,

and have been subsequently examined by myself with similar results.

These sections show the uniformity which prevails in the lower
Saurian beds of Gloucestershire and Worcestershire, and how much
they resemble their correlative strata at Street.

The late Mr. James Dudfield, of Tewkesbury, obtained from the

infra-ammonite Lias beds at lirockfridge enumerated in the pre-

ceding sections, and from other strata occupying the same horizon in

the vicinity of that town, a very fine series of Saurian remains, which
were all sold and dispersed in June 1S-1.'5. From my notes of that

collection, I find there was a specimen of Ichthyosaurus int, rmtdius,

about S feet in length ; the two fore-paddles and a portion of the

scapular arch were tolerably complete ; and there were upwards of 1 <>< )

vertebra) and ribs nearly all in place. /. t< nuirostris ; \ feet in

length; the skulls, jaws, and teeth well preserved, the vertebral

column tolerably complete ; and likewise one fore-paddlc. /. com-
munis; very fine paddles. I'. j>1itt>i<nli>n ; huge skull with orbital

VOL. xvi.—r.MiT r, 2u
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plates in position. Plesiosaurus Hawkinsii ; the vertebral, column,

ribs, and humeri; and fifty vertebras in position.

The Ostrea and lower Saurian beds at Binton, Brockeridge, and Street

are overlaid by clays and laminated shales, containing Ammonites
planorbis. As these beds form a most important horizon in the Lias-

formation, and have a wide geographical distribution in England,

France, and Germany, they require to be defined with accuracy,

especially as some authors are of opinion that the true Lias com-
mences with this zone of life.

The relation of the Am. planorbis shales to the Saurian beds

below is extremely well exposed in the Railway-cutting at Uphill, in

the quarries at Street, in the Binton and Wilmcote quarries in War-
wickshire, at Brockeridge Common in Gloucestershire, and at Stren-

sham, Worcestershire, and to the Am. Bucklandi or Lima beds above

in the sections at Saltford near Bristol, Penarth Head near Cardiff,

and Pinhay Bay near Lyme Regis.

The following section of the beds at Binton was made by Mr.

Robt. Tomes, of Welford Hill, near Stratford-on-Avon, from a quarry

now abandoned. A similar exposition, however, is seen in the quarry

worked near the former, and the various beds of which I examined
with Messrs. Tomes and Kershaw.

Section of the Zones of Ammonites planorbis and Avicula contorta, at

Binton, Warwickshire.

Lithology. Thickness. Organic Eemains ; and Local
No. ft. in. Names op the Beds.
1. Light-coloured limestone 6 " Top rock " or " Whites."
2. Light-coloured clay 2 6
3. Argillaceous limestone 3 "Top Liveries." Ichthyosaurus; on

the upper surface Insects.

4. Light-coloured clay 7
5. Argillaceous limestone 3J " Top Liveries" (lower). Insects; Am-

monites Johnstoni, Sow.

6. Clay 1 1

7. Greyish limestone 6 "Extra rock." " Thick paving-bed."

No fossils.

8. Clay 3£
9. Greyish limestone. Thin and " Quarters."

irregular when covered by
the preceding 2 in. to 3

10. Clay . 8£
11. Greyish limestone. A con- "Ribs." Insects.

stant bed 3£
12. Clay 5|
13. Limestone 3 "Paving-stone." A few Insects and

Vholicloplwrus Strickland/, Ag.
14. Clay 10J
15. Limestone 3^ " Bottom rock." More Insects here

than in all the other beds collectively.

16. Clay 8
17. Limestone 3 in. to 6 " Hoggs." Tetragonolepis angulifer,

Ag. (Warwick Mus.)
18. Strong hard clay 3^
19. Argillaceous limestone; im- "Ruskin." No fossils in this quarry.

perfect stone 3
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LlTIIOLOCY. Thickness,

ft.No. it. in.

20. Laminated clay 1 6
21. Fragmentary shelly limestone 1£

22. Stony shale.

23. Hard limestone 6

24. Hard clay 1 3
25. Limestone 3|

26. Clay. Thin hard plates of

stone lie in this clay Oil
27. Limestone, underlain by clay.

(The clay frequently want-
ing.)

t
0£

28. Limestone ; inconstant 6
29. Clay.

30. Hard grey limestone G N

Organic Remains; and Local
Names of the Beds.

' Grizzle bed." Saurian bones, Fishes'

teeth and scales, Annum/ i/< * />/,/-

norbis, Lima punctata, Cardium,
and Ostrea liassica; spines of CiJuris

and other Echinidce abundant.

'Blue stone" or "Blocks." Myacites
and elytra of Coleoptera.

• Grave-stone rock." Ichthyosaurus
and Otopferis acuminata, L. & II.

Gummerals." Ostrea liassica.

31. Clay 2

32.

33.

34.

35.

36.

Saurian remains

.".7.

38.

39.

Hi.

41.

42.

43.

44
45.

40.

47.

K

"Fire-stone beds.'

and Cardium.
Modiola minima, Myacites, and Ostrea

liassica.

Limestone 3 'In these limestones and clays only one
Clay 2 small Ammonite has been found.
Limestone 3
Clay 3'
Hard dark limestone, 1 in. to 10 "The Guinea-bed." Saurian bones,
(This is the bottom bed of the Aricula longicostata, Stuteh., .1A<-

quarry.) notis decussata (?), Lima punctata,
Myacites, n. sp., Ostrea liassica, and
Hemipedina, sp., in numbers ; Coral.

[Belonging to the zone of AvtCttla

contorta.

\

Estheria-bed. Estheria minuta.

" Clear blue blocks."

PuUastra atmioola, Strickl.

Piillasfra arcnii/'ln, Strickl.

Thick clay-bed
;

yellowish

blue; breaking in angular

fragments 8
Dark ferruginous clay, with

conchoidal fracture 4
Clay ?

Laminated clays 3
Light -coloured sandstone

;

micaceous 1

Brown clay 2
Sandstone; micaceous 2
Dark shaly clay 6
Soft sandstone I

Blac k clay 8
Ferruginous vein, sandy ?

Grey Keuper marls.

The hods from No. 37 to No. 48 wore found fa situ in :m escarp-

ment at a short distance from the quarry at Binton, It arasi be

understood that the " (iuinea-hed " is the lowest bed seen in sitit in

the pit, and that No. 37 occupies its natural position relatively to that

bed, although it is not exposed in the Hinton section.

Litholot/if of thr Ammonites phmorhis hols. The Am. />lnni>r/>is

hods at lhockeriilge (p. 'A'.i'J) consist of dark laminated shales, with

intorstratitied beds of marl and limestone. The shales splil into von
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thin laminae, between which innumerable shells of Ammonites pla-

norbis He closely compressed; the white decomposed pulverulent

matter of the shell forming a strong contrast to the dark shales which
enclose them. In Somersetshire the rock consists, at Uphill, of shales

which greatly resemble those at Brockeridge ; at Watchet, of dark

clays which are more indurated and have preserved better the shell-

structure : here Ammonites planorbis and Am. Johnstoni are found

with the iridescent nacreous layer of their shells beautifully pre-

served. At Street the rock is a light-yellowish clay, with bands of

greyish limestone and marl beneath, and in Worcestershire at Stren-

sham, and in Warwickshire at Binton, similar lithological conditions

prevail.

The White Lias series of the Section at Saltford (see p. 400) repre-

sents the Am. planorbis beds : here also the relation of that zone

to the Saurian beds below, and to the Am. BucMandi beds above are

well shown. In Dorsetshire the Am. planorbis beds are represented

by the White Lias which is so well exposed in the large quarries at

Up-Lyme, and in the coast-sections at Pinhay Bay and Axmouth,
The White Lias is raised at Up-Lyme for caustic lime ; it consists of

a fine-grained cream-coloured limestone, apparently fit to be used as

a lithographic stone. The two principal quarries afford the neces-

sary details. Mr. Webb's quarry shows :

—

1. (Uppermost.) The "Wetstone" (8 feet); consisting of thin

bands of light-coloured limestone, interstratified with beds of clay.

I collected Lima gigantea, Sow., and Lima antiquata, Sow., from the

limestones.

2. The " Grey Bur " (14 inches) ; a good building-stone, con-

sisting of two beds.

3. The " Rotten Bur " in two beds (6 inches)
;

valueless, falling

to pieces when exposed to the air.

4. The " Fire-stone " in two beds (6 inches)
;
forming good flag-

stones.

5. The ( ' Cliffage " (4 inches) ; worked for paving-stone ; the

surface of the rock is covered with many small Oysters (Ostrea

ttctsstcct^

6. The " Half foot" (6 inches) ; 7. the " One foot " (12 inches) ;

8. the " Bed Size " (7 inches) ; and 9. the "Anvil-edge" (18 inches)

—are all employed for building-stones.

10. The " White Lias " (20 feet exposed) ; a compact earthy lime-

stone, with a conchoidal fracture, cream-coloured and fine-grained

;

many of the beds are so hard and close-grained that it might be

employed for the purposes of lithography. It contains very few

fossils ; sometimes specimens of Ammonites Johnstoni, Sow., are

found in the marl-seams. The White Lias and its intervening marls

measure from 18 to 20 feet in thickness in Mr. Webb's quarry.

In Mr. Fowler's quarry, about half a mile distant from thepreceding,

the White Lias is more fully exposed ; it has here a thickness of

from 18 to 20 feet and is underlaid by 18 inches of black shale,

beneath which is a coarse blue Lias limestone. The beds above the

White Lias are likewise here Avell exposed.
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In these two sections the White Lias represents the zone of

Ammonites planorbis, and the beds above, from the " lied size
"

upwards, the zone of Ammonites Bucllandi, consisting of alternate

beds of limestone and marl, which have received special names from

the workmen. Fragments of large Ammonites are sometimes found

in these beds. I collected Lima gigantea, Sow.,Lima ant
i
quota, Sow.,

and an Ostrea.

At Pinhay Bay the clays above the White Lias contain numerous
spines of Sea-urchins, and some tests with spines attached. I know
the following Echinodermata from this bed: Cidaris Edwardsii,

Wright, Pseudo-diadema lobatum, Wright, Hemipedina Bechei, Bro-

derip, Hemipedina Bowerbanlcii, Wright.
Nearly all the Echinidas of the Lias at Lyme are found in this bed

of marl at low-water, after its surface has been exposed at spring-

tides.

Localities of the Ammonites planorbis beds.—In Gloucestershire

this zone is well exposed at Brockeridge Common. My friend Mr. J.

Jones informs me that he has found it at Wainlodc, in a quarry on the

right-hand side of the road to Gloucester, ascending the hill from the

inn;—between Hartpury and Ashehvorth, where he found Am.pla-
norbis in a brownish-blue clay, which split into thin lamina? and
contained numerous impressions of this shell ;—at Elmore, in quarries

near the Old Kennel, in a light-coloured clay, and in one of the lower

bands of claystone.

In Glamorganshire, it is seen in the fine coast-section at Penarth

Head (see page 381). In Somersetshire, in the cutting of the Great

Western Railway at Saltford (p. 399) ; in the Uphill Cutting on the

Bristol ami Exeter Bailway (p. o s l!) ; in the coast-section at Watohet

(p. 384) ; and in all the quarries at Street (p. 390), where it forms

the top beds.

In Worcestershire it is found at Strensham (p. 393) ; and in War-
wickshire at Binton (p. 394), Grafton, and Wilmcote (p. 386).

It is likewise found at Bobin Hood's Bay on the coast of York-

shire ; the beds here lie below low-water mark ; but large blocks,

frequently washed up by the tide, are literally crowded with Ammo-
nites planorbis, known at Scarborough and Whitby as Am. erugatus,

Bean.

The coral-bed at Lussay, Isle of Skj'e*, probably represents this

Am. planorbis zone, as I found the same species as the Hehridean

coral in the light-coloured clays with Am. planorbis at Stree t.

This lowest Ammonite-zone has, therefore, a wide geographical

distribution throughout the Lower Lias of the Northern, Midland, and

Southern Counties of England, and it retains the same relative posi-

tion in the Lower Lias of France, Germany, and Switzerland.

Fussils of the Ammonites planorbis bids.—The fauna of this zone

is very limited ; at present I know only the following species :
—

Ichthyosaurus intermedin!*, Cunyh. Plesiosaurus Haw kin.-ii, Cottffb,

tenuirostri?, Cunyh. Etheririgii, Huj.1.

communis, Cunyh. rugosus, Ow.

* Quart. Journ. Oeol. Soe. vol. xiv. pp. I i 34
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Plesiosaurus dolichodeirus, Conyb
megacephalus, Stutch.

Dapedius.
Pbolidophorus leptoceplialus, Ag.

Stricklandi, Ag.
Ammonites planorbis, Sow.

Johnstoni, Sow.

Lima punctata, Sow.
gigantea, Sow.

pectinoides, Sow.

2. The Zone op Ammonites Bucklandi, or the Lima-beds.

Synonyms.—"Blue Lias," William Smith,Memoir to the Map,1815.
" Blue Lias Limestone," De la Beche, Ge'ol. Trans, vol. ii. 2nd series,

1829. " Gryphiten-Kalkstein," Alberti, Die Gebirge des Konig.

Wiirttemberg, p. 121, 1826. " Liaskalk," Mandelsloh, Geol. Profile

der schwabisch. Alpen, p. 28, 1834. "Calcaire a Gryphee arquee"

(pars), Dufrenoy et de Beaumont, Mem. Soc. Geol. de France, 1830.
" Gres de Luxembourg (pars sup.)," OmaHns d'Halloy. " Gres de

Lnxembonrg," Dewalque, Descrip. du Lias de la Luxembourg, p. 28,

1857. " Plagiostoma-beds, Lower Lias," Murchison, Geol. of Chel-

tenham, 2nd ed. p. 49, 1845. " Arietenkalk," Quenstedt, Der Jura,

Table, p. 293, 1857. " Die Schichten des Ammonites Bucklandi,"

Oppel, Juraformation, p. 35, 1856.

The zone of Ammonites Bucklandi (or Lima-beds) forms an im-
portant subdivision of the Lower Lias. This series attains a great de-

velopment in the Midland Counties, in Glamorganshire, Somerset, and

Dorset. This zone of life is characterized throughout by the preva-

lence of a number of large Ammonites belonging to the natural group

Arietes (von Buch), and by many Conchifera of the genera Lima and

Gryphcea. In England it everywhere consists of beds of bluish argil-

laceous limestone, interstratified with beds of marl, shale, and clay of

a similar colour. In some parts of Warwick, Somerset, Dorset, and

Glamorgan, this series attains a thickness of 80 feet.

Gloucestershire and Somersetshire.—In Gloucestershire it has been

chiefly exposed by the deep cutting of the Dean Forest Bailway near

Gloucester, in the Lias limestone-quarries near Tewkesbury, and in

the natural escarpments at Frethern and Purton-on-the-Severn. In

Somersetshire it was admirably exposed in making the Great Western
Railway between Bristol and Bath, and probably at no point were

the several beds of the Lima series better shown than in the cutting

at Saltford, seven miles from Bristol. My friend Mr. William San-

ders made the following section during the executiou of the works,

which, together with his notes on the fossils contained in the different

strata, has been kindly communicated by my friend Mr. Etheridge.

This section is of great value, inasmuch as the beds are now partially

concealed by debris and vegetation, and the characteristic fossils can

no longer be found in their respective beds.

Cardinia crassiuscula, Sow.

Unicardium cardioides, Phil.

Pdiyncbonella variabilis, Schloth.

Cidaris Edwardsii, Wr.
Pseudo-diadema lobatum, Wr.
Hemipedina Bechei, Brod.

BowerbanMi, Wr.
Tomesii, Wr.

Isastrsea Murchisoni, Wr.
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Section of the Lower Lias Beds at Saltford, seven miles from Bristol,

on the Great Western Railway*.

Litiiology. Thickness. Organic Remains.
No. feet.

Brown gravelly marl 120
Beds of laminated shale

and clay 110
Dark clay, with boulders, Scales of Tetragonolepis and Belcm-

and with layers of sep- nites acutus, Mill,

taria at the top and bot-

tom of the bed, and in

the clay between 105
59. Grey Lias limestone 100 Rhynchonella variabilis, Schl.

58. Dark shale Bclemnites acutus, Mill.

Grey Lias limestone.

Dark shale Ostrea l<sviuscula, Sow., Avicula, and
Pecten.

57. Grey Lias limestone Ammonites Conybcari, Sow., and Bc-
lemnites acutus, Mill.

Dark shale.

56. Thin hmestone-band.
Dark limestone Nautilus striatus, Sow., Am. Cony-

bcari, Sow., and Bclemnites acutus,

Mill.

55. Grey Lias limestone 95 Lima gigantea, Sow., and Spirtfera
Walcotti, Sow.

Dark limestone.

54. Grey Lias limestone.

Dark shale.

53. Grey Lias limestone.

Dark laminated shale.

52. Dark-grey Lias limestone... Vertebrae of Ichthyosaurus, Am. Buck-
landi, and Sjririfera Walcotti.

Dark shale Am. Bucklandi, Nautilus striatus. and
Spirifcra Walcotti.

51. Grey Lias limestone 90
Dark shale.

50. Grey Lias limestone Hybodus curtus, Agass.

Dark shale 1'holadnmya glabra
, Agass.

49. Grey Lias limestone Nautilus striatus, Sow. (large), Am.
llrankii. Sow., mid fossil wood.

Dark shales Am. Conybcari, Sow., and Am. Buck-
landi. Sow.

48. Grey Lias limestone Plcurotomaria similis. Sow., and Lima
gigantea. Sow.

Dark shales Am. Bucklandi, Sow., and !'/> «/•<</<>-

//taria similis, Sow.

47. Grey Lias limestone.

Dark shales 85 Ammonites Goiybrari, Sow.

40. Grey Lias limestone Xai/fi/us striatus. Sow. (large).

Dark shales I'< nfarrinus; (stem ) and I'rrttn t, .>
',,-

rius, Goldf.

* This section shows tin- relative position of the /.ones of ./ ... ' - /;». Is-

land/' and .'////. j/liiiinrbis and the Ar/rula conforfa series in this part of the

county of Somerset, mid affords a good t\|>e for comparing ihe-e /ones in

Somerset si i ire with the same groups in other part;, of the South of lO.jl md
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LlTHOLOGY.
No.
45. Dark-grey limestones

Dark shales

Thickness. Organic Eemains.
feet.

44. Grey limestone.

Dark shales.

43. Grey limestone

Dark shales

42. Bluish limestone 80
41 . Thirteen or fourteen lime-

stone-bands, with irregu-

lar surfaces ; some nodu-
lar, with partings of clay

and shale 75
40. From six to eighteen beds,

comprising 20 inches of

stone 70
39. Fourteen beds of limestone

and clay

38. Eight beds of limestone

and clay

37. Thirteen beds of limestone

and clay ; the limestones

irregular, water-worn,

and nodular 65
Dark laminated shales . .

.

36. Grey limestone.

Dark shales.

35. Greyish limestone 60
34, Ten beds of shales and

limestone; septaria in

the lower beds.

33. Thin grey limestone.

Thick dark clay.

32. Thin band of limestone.

Dark clay.

31. Thin band of limestone 50
Thick dark shales.

30-25. Six beds of limestone,

alternating with six

thicker beds of clay ... 43
' 24. Light-coloured limestone.

Dark-coloured shale.

23. Light-coloured limestone.

Dark shale.

22. Thick White Lias 40
21-12. TwelvebedsofWhite

4 Lias, separated by thin

bands of clay 35
~~

11,10. Four beds of lime-

stone, becoming thin

and rubbly beneath,

and nodular at the base 30
9. Gotham marble ......... 25

Ichthyosaurus communis, Conyb.
Gryphcea incurva, Sow., and Penta-

crinus tuberculatus, Mill.

Ichthyosaurus communis and Am. Co-
nybeari.

Pinna Hartmanni, Ziet., and Gryphcea
incurva, Sow.

Pholadomya glabra, Ag., and Limcc,

n. sp., with large ribs, Gryphcea in-

curva, Sow., and Ehynchonella va-
riabilis, Schl.

Pholadomya glabra, Ag., and Lima
gigantea, Sow.

Pecten textorius, Schl., Pholadomya
glabra,Ag., an&Pleurotomaria simi-

lis, Sow.
Lima pectinoides, Sow., and Cardinia

ovalis, Stutch.

Pholadomya glabra, Ag., Ehyncho-
nella variabilis, Schl., and Ostrea.

Ostrea.

Pinna Hartmanni, Ziet., and TJnicar-

dium cardioides, Phil.

Pecten textorius, Goldf., and Phola-
domya glabra, Ag., Modiola Hil-

lana, Sow., and Avicula (small).



I860.] AVRIGHT LIAS. 401

Lithology. Tliickness. Organic Remains.
No. feet.

Black shales.

8. Band of limestone 20
7. Nodular limestone.

Black shales 15 Fishes' scales
;

layers of compressed
Pullastra arenicola, Strickl.

6. Dark limestone 10 Pecten Valoniensis, Defr., and Avicula
contorta, Portl.

Dark shale.

5. Dai'k limestone Pullastra arenicola.

Dark shale.

4. Greenish brown soft ?

Marlstone.

3. Pale-bluish clay, with
plant-like fibres 5

2. Buff-coloured clay.

1. Grey sandy marlstone,

with ferruginous spots.

New Bed Marl.

Lyme Regis.—The zone of Ammonites Bucklandi is admirably
exposed in the coast-section at Lyme Kegis in Dorset, both in the

Church Cliffs and at Pinhay Bay, where the beds consist of a series

of grey limestones, from 2 to 10 inches in thickness, varying from
earthy to compact, and alternating with marls and shaly beds,

—

either seams of a few inches, or beds of many feet in thickness.

The following section, from the lowest bed on the shore to Broad
Ledge, which may be considered as the uppermost bed of the Am.
Bucklandi or Lima series, affords a correct view of the stratigra-

phical order of these strata and of the fossils they contain.

Section of the Ammonites Bucklandi or Lima beds from Broad Ledge
to the shore at Lyme Regis.

No.
Lithology.

ft, in.

r

V

I

1. Dark-grey limestone.

"Broad Ledge" or
" Table-bed " 3 6

2. Dark marls and shales,

with bands of clays 15

3. Grey limestone 4

4. Dark slaty marls 4

5. Dark-grey limestone 1

0. Black shales, with part-

ings of gypsum 2

7. Dark-grcyisli limestone . 10

8. Dark shale 2
'.). Hard grey limestone.

" Grey Ledge "
1

.'5

10. Dark shaly marls 2
11. Grey limestone 6

12. Dark indurated shale '•'< •>

Organic Remains.

Ehynchonel/a variabilis, in masses.

Ichthyosaurus communis, I. plafyodon,
Ammonites semicostatus, Y. & B.,

and Ehynchonrlla variabilis, Sehl.

Ammonites Turneri, Sow., and Am. se-

micostatus, Y. & B.

Lima giqanfea, L. antiquata, and
Iihync)ionclla variabilis.

Ichthyosaurus communis (in the " fire-

stone-beds" west of t lie Cobb).
Lima giganfea, L. antiquata, and

lihynchmn lla variabilis.

Gryphtpa iucurva. Sow.
Fin-spines of Ht/l/odus, Tthynchottella

variabilis, and l'enfacrinus (stem).

Ichthyosaurus platyotlon.

Spines of Ps» ut/o-diailemn, and other
Echini(l<e.

Ichthyosaurus platymlon
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No.

13.

14.

LlTHOLOGY.

Bluish limestone .

.

Dark shales, containing

indurated imperfect

limestone 1

Bluish limestone
Dark indurated clay 1

Grey limestone, with the

plant-bed at the top ...

18. Dark-bluish limestone ... 1 6

19.

20.

21.

22.

23!

24.

Dark shale

Dark-greyish limestone .

Dark shale

Grey limestone

Dark shale 1

Dark-greyish limestone . 1

10

Hard shale, forming
" Quick Ledge" 1

Blue limestone

25.

26.

27. Dark shale 8

28.

29.

30.

31.

32.

Concretionary limestone

(surface mammillated)
Dark-grey shale

Greyish limestone
Dark indurated shale ....

Hard grey limestone

The shingle of the shore covers the lower beds

Organic Remains.

Gryphcea incurva, Ehynchonella vari-

abilis, and Lima antiquata.

Ichthyosaurus communis, I. platyodon,

Pentacrinus tuberculatus, Mill., and
Lima gigantea, Sow.

Gryphcea incurva and fragments of

Pentacrinus tuberculatus.

Otopteris obtusa, L. & H., and Arau-
carites peregrinus, Sternb., in the

plant-bed.

Ammonites Conybeari and Ehyncho-
nella variabilis.

Gryphcea incurva, Sow.
Ammonites Bucklandi, Sow., and Am.

rotiformis, Sow.

Ichthyosaurus tenuirostris, Conyb.
Ichthyosaurus communis, skulls and

bones of other species, and Ehyn-
chonella variabilis.

Ichthyosaurus communis and I. inter-

medins.

Ammonites BucJclandi and Lima gi-

gantea.

Gryphcea incurva and Ehynchonella
variabilis.

Ammonites angulatus, Schl.

Lima gigantea and L. antiquatq.

Ammonites BucMandi (large speci-

mens on the shore).

Lima gigantea and L. antiquata.

Coast of Glamorganshire.—In Glamorganshire there is an exten-

sive exposition of the Am. BucMandi and Lima series for the distance

of sixteen miles along the coast, from Penarth Head by Barry Island,

Aberthaw, and Dunraven Castle to the mouth of the River Ogmore,
where the Lower Lias rests on upturned beds of Carboniferous Lime-
stone. The strata chiefly laid bare by the sea are those containing

Lima gigantea and Gryphcea incurva. At Cowbridge the same litho-

logical relations are observed ; the Lower Lias here rests on Carbo-

niferous Limestone.

At Penarth Head, however, the relation of the Am,Bucklandi series

to the Am. planorbis and Avicula contorta beds below is much better

seen than at any other part of the Glamorganshire coast.

Fossils of the zone of Ammonites Bucklandi.—The fossils of the

zone of Ammonites BucJclandi are numerous, and in general in a good

state of preservation.

Ichthyosaurus communis, Conyb.

intermedius, Conyb.

platyodon, Conyb.

tenuirostris, Conyb.

Ichthyodorulites of Hybodus.
Ammonites Bucklandi, Sow.

Conybeari, Sow.

rotiformis, Sow.
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Ammonites angulatus, Schloth.

Greenoughii, Sow.
tortilis, d' Orb.

Nautilus striatus, Sow.
Pleurotomaria similis, Sow.
Ostrea irregularis, Miinst.

Grryphcea incurva, Sow.
Unicardium eardioides, Phil.

Peeten textorius, Schloth.

Lima gigantea, Sow.
antiquata, Sow.
pectinoides, Sow.

Modiola Hillana, Sow.
Avicula Siucmuriensis, (V Orb.

Pinna diluviana (Zieten, pi. .~>,j. fig. 6).

Pholadomya glabra, Ayass.

Terebratula psilonoti, Quenst.

Pdrynchonella variabilis, Schloth.

Spurifera Walcotti, Sow.
Pseudo-diadema (spines).

C'idaris Edwardsii, Wr.
Pentacrinus tuberculatus, Mill.

Isastrtea Murchisoni, Wr.

3. The Zone of Ammonites Tuknehi.

Synonymi,—" Hauptpentacrinitenbank des untern Lias," Quen-
stedt, Flbzgeb. p. 152, 1843. " Lumachcllo de Pentacrinites baealti-

formis," Mareou, Jura salinois, p. 47, 1840. " Die Schichten des

Pentacrinus tuberculatus," Oppel, Jurafomiation, p. 44, 1856.

Tuberculatiis-bed," Wright, Quart. Journ. Geol. Soc. vol. xv. p. 25,
1858. "Marne de Strassen," Dewalquc ct Cbapuis, Fossiles dc

Luxembourg, 1853. " Marne de Strassen," Dewalque, Dcsciip. du
Lias de Luxembourg, 1857.

This subdivision of the Lower Lias forms a well-marked zone of

life. The beds consist of light-coloured argillaceous limestone, of

hard greyish limestone, or of deep-blue, shelly, indurated shale, in-

terstratitied with beds of dark-coloured clay. Many of the slabs of

limestone are covered with shells and portions of the stem and side

arms of Pentacrinus tuherculatus. Prom one of these slabs, collected

at Frethern or Purton in Gloucestershire, Miller's original specimen
of this Crinoid was obtained.

Gloucestershire awl Warwickshire.—The zone of Ammonites Tur-
in ri was exposed at Bredon, in the deep cuttings of the Midland
Railway, from whence many of my specimens were obtained. Por-

tions of these beds arc sometimes laid open in the Vale of Glou-

cester in making drains, as at liadgeworth and Hardwick ; and many
tine slabs are occasionally procured from the river-section at Ported.

I know of no locality in Gloucestershire, however, where the entire

series is exposed. My friend Dr. Oppel referred the Saurian beds

of Urockeridgc Common to this series, supposing them to he the equi-

valent of the Saurian beds at Lyme, which appertain to the zone of

AmmoniUt Tumeri; but the description which I have already given

of the Am. /ilannr/iis beds and their correlations have demonstrated

that the beds at llrockcridgc Common represent the Am. j>/a itorhis

scries. In Warwickshire the Am. Tumeri beds constitute the base

of what is called in that county the '• Cardinia-series," which in-

cludes all those strata of the Lower Lias extending from the Am.
Turin ri to the Am. rarienstat us beds, and which are characterized h\

different forms of Cnr</inia Listeri, Sow.

Dorsetshire. —At Lyme Kcgis the Ammonite.* IhuklawH or Lima
series is overlain by thick beds of clay ami slaty marls containing

many Knaliosaurian skeletons, with numerous fishes, in tine pre-

servation ; these strata are known to local collectors as the l-'ish- and
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Saurian-beds. The magnificent specimen of Ichthyosaurusplatyodon,

Conyb., now in tbe British Museum, came from this clay, as proved

by the impressions of Am. semieostatus, Y. & B., which are seen on

the matrix. This thick clay-bed is underlain by a thin band of

greyish limestone, in which Am. Turneri is found. The following

section of this zone at Lyme Begis shows the sequence of the Am.
Turneri beds at that locality.

Section of the Zone of Ammonites Turneri at Lyme Regis.

Organic Eemains.

IS

Beds

^ LlTHOLOGY.

1. Thick limestone. " Broad
Ledge" 3

2. Black shales, with bands
of brown clay. " Sau-

rian- and Fish-bed " 18

3. Greyish, hard, shelly lime-

stone

4. Dark shales, with indu-

rated bands of imperfect

limestone 3

ft. in.

Ichthyosaurus platyodon, I. com-
munis, Ammonites semieostatus,

Am. Turneri, and Fishes.

Ammonites Turneri and Am. semi-

eostatus.

Greyish limestone

with Am. BucJclandi and Lima.

Lima gigantea, L. antiquata,

Bhynchonella variabilis.

(See page 398.)

and

Fossils of the Zone of

Ichthyosaurus platyodon, Conyb.

(British Museum).
intermedius, Conyb. (Warwick

Museum).
communis, Conyb. (Brit. Mus.).

Ammonites Turneri, Sow.
- semieostatus, Y. Sf B.

Bonnardi, d' Orb.

Turbo.
Lima punctata, Sow.

gigantea, Sow.

pectinoides, Sow.

Ammonites Turneri *.

Cardinia oralis, Stutch.

Ostrea.

Avicula.

Pecten textorius, Schloth.

glaber, Hehl.

Astarte consobrina, Lewal.
Crenatula.

Plicatula.

Gervillia lanceolata, Sow.
Gryphaea obliqua, Sow.
Cidaris Edwardsii, Wr.
Pentacrinus tuberculatus, Miller.

4. The Zone of Ammonites obtttstjs.

Synonyms.—" Marston-Marble," Sowerby, Min.Con. Suppl. Index,

vol. i. 1812. "Ammonite-bed (Lower Lias)," Murchison, Geol. of

Cheltenham, 2nd edit. p. 42, 1845. " Turneri-Thone," Quenstedt,

Flozgeb. Wiirttembergs, p. 540. " Sable cl'Aiibange (pars infer.),"

Dewalque et Chapuis, Luxembourg, p. 12. " Gres de Virion (pars

infer.)," Dewalque, Lias de Luxembourg, p. 48. " Die Schichten

des Ammonites obtusus," Oppel, Juraformation, p. 50. " Indurated
marl and limestone-beds,''' De la Beehe, Sections, &c, Geol. Trans.

2nd ser. vol. ii.

Gloucestershire and Warwickshire.—The beds constituting this

zone are well developed in the Vale of Gloucester, and were exposed
in the deep cuttings of the Bristol and Birmingham Bailway, espe-

cially near Bredon, from whence the best collection of the fossils of

* I have omitted the fossil Fishes found in the Lias at Lyme Begis, as I was
unable to ascertain with correctness the beds from which the different species

were collected : a -large majority of them, I believe, come from this zone of life.
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these beds was obtained. The rocks consist of dark-grey or bluish

shales and clays, "with irregular and inconstant beds of dark-grey
argillaceous limestone, the shales being in parts nodular or lami-

nated, the clays thick and tenacious ; the nodular portions of the

shales were very fossiliferous. This zone forms part of the Cardinia-

bed of the local geologists in Warwickshire, where it appears to be

exposed in several localities. I saw in Mr. Tomes's collection some
very fine specimens of Ammonites obtusus, Am. midticostatus, Am.
Brookii, and Am. Sauzeanus, d'Orb., collected by him from the Am.
obtusus beds ; and in Mr. Kershaw's collection I saw a series of Am.
Sauzeanus, d'Orb., from Darlingstoke near Shipton-on-Stour.

Dorsetshire.—At Lyme Regis the zone of Ammonites obtusus attains

a considerable thickness, and is well exposed in the coast-section.

The beds rise on the shore about half a mile east of Charmonth, and
consist of thick beds of dark marls, which rest upon the Table-bed,

formed by Broad Ledge. The lower part of these marls contain

numerous compressed Ammonites and layers of nodules forming

cement-stones. Above these succeed shales and clays, thin bands of

limestone, and thick beds of shale and marls with mudstones. Above
these are inconstant bands of limestone containing septaria, in which
gigantic examples of Am. obtusus, Am. stellaris, and Am. Broolcii are

found. The following section shows the relative position of these

beds.

Section,from Broad Ledye to Cornstane Ledye, near Charmouth.

ta Litiiology. o, Organic Remains.
No. It. in.

1. Dark-grey limestone. "Corn-
stone Ledge."

2. Dark-bluish marls 20
3. Dark-greyish limestone 10 Ichthyosaurus platyodon and I. intcr-

medius.

4. Dark clays.

5. Dark limestone, with septaria. Nautilus striatus, Ammonites Brookii,

and Am. sfillaris (very large).

0. Dark shale.

7. Dark limestone. " Upper Ce-
ment-bed."

8. Dark shales, containing mud- Inoceramus. Saurian remains.

stone nodules.

'.>. Thin band of limestone. "The Krtrarrinus Brian us.

Pentaerinite-bed."

10. Dark shales.
j

11. Dark limestone.
I Fire-ledge."

12. Dark shale. 6

18. Dark limestone. J

14. Dark shale. '-Split-ledge."

1"). Dark limestone Ammonites ptanirosfa, Sow., and Am.
Smirhii, Sow.

16. Dark shales Saurian skeletons.

17. Greyish limestone Ammmiitis o/ttitsus. Sow., and Am.
Birchii, Sow., crystallized, forming
the " Tortoise-ammonites."

18. Dark marls, with nodular The nodules of these lower cement-
masses 20 beds contain Saurian remains.

IH. Dark indurated shale and
limestone. " Broad IaiIuc." 1 II Overlies the Lima-U-il-. ea»t of Lyme.



406 PROCEEDINGS OF THE GEOLOGICAL SOCIETY. [Feb. 29,

The zone of Ammonites obtusus probably attains a thickness of from

80 to 100 feet ; but its actual measurement would be a matter of

difficulty, from the manner in which the marls have covered over the

bands of limestone : hence the imperfection of our estimate.

In the lower slaty marls are numerous compressed Ammonites
Birchii, which fall to pieces when removed from the matrix. Higher
up (No. 17) the same species is found in fine preservation, with Am-
monites obtusus. Here the shells are replaced, and the septa filled,

with crystallized carbonate of lime. These beautiful specimens are

the " Tortoise-ammonites " of the local collectors. About 40 or

50 feet above these beds is an irregular band of limestone (5), pro-

jecting from the cliff, containing nodules with very large specimens

of Ammonites obtusus, Sow., Am. stellaris, Sow., and Am. BrooJcii,

Sow. Most of the nodules have a septarian structure, the veins of

spar intersecting and distorting the shape of the Ammonite.
Below the Ammonitiferous nodides (5 of the section) other bands

of clay and marl (6 to 14) succeed. In one of these (9) are thin

layers of Crinoidal limestone, on the surface of which magnificent

specimens of Ecctracrinus Briareus, Mill., are found, with their plant-

like arms laid out in all directions, and generally coated with sul-

phuret of iron.

Fossils of the Zone of Ammonites obtusus.

Ammonites obtusus, Sow.

Brookii, Sow.
stellaris, Sow.
planicosta, Sow.
Dudressieri, d' Orb.

Ammonites Sniithii, Sow.

Nautilus striatus, Sow.
Belemnites acutus, Mill.

Pleurotomaria Anglica, Sow.

Extracrinus Briareus, Mill.

5. The Zone of Ammonites oxtnottjs.

Synonyms.—" Oxynoten-Schichte," Fraas, Wiirttemb. naturw.

Jahreshefte, 1847, p. 206. " Oxynotenlager," Quenstedt, Der Jura,

p. 293, 1858. " Die Schichten des Ammonites oxynotus," Oppel,

Die Juraformation, p. 54, 1856. " Oxynotus-bed," Wright, Quart.

Journ. Geol. Soc. vol. xiv. p. 25, 1858.

This zone consists of beds of dark clays, often containing much
sulphuret of iron, or iron in the state of peroxide, all the fossils

found in the clay being either highly pyritic, or charged with per-

oxide of iron. The bed was exposed in the cuttings of the Bristol and

Birmingham, and Great Western Railways, at Lansdown near Chel-

tenham, and likewise in excavating the new docks at Gloucester

;

and I have collected its characteristic fossils at other localities in the

Yale of Gloucester.

In Dorsetshire a variety of Ammonites oxynotus, Quenst., is found

in a thin bed of dark pyritic marl between Charmouth and Lyme
Regis, near Black Yenn. It is here collected with other species,

which properly belong to a higher bed : the falling down of the marl,

by the decay of the bank, makes it difficult to separate the beds.

At Bobin Hood's Bay, on the Yorkshire coast, the relative position

of this zone to the beds with Ammonites obtusus, Sow., below, and
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Ammonites raricostatus, Ziet., above, are seen in the cliff near the
point where the road leads np to the Alum-works. At this locality
the Am. oocynotus bed is about 20 feet above the clays with Am.
obtusus.

Ammonites oxynotus, Quenstedt.

Fossils of the Zo

Ammonites oxynotus, Quenst.

bifer, Quenst.

lacunatus, Buck.
Nautilus striatus, Sow.
Belemnites acutus, Mill.

Pleurotomaria Anglica, Sow.

of Ammonites oxynotus.

Plicatula ventricosa, Miinst.

Modiola minima, Sow.
Area.

Leda.

Acrosalcnia minuta, Buck.
cidaris

; spines.

6. The Zonk of Ammonites uakicostattts.

Synonyms.—" Hippopodium-bed (in part)," Murchison's Gcology
of Cheltenham, 2nd cd., by Huckman and Strickland, p. 44. " Rari-
costatenschichte," Fraas, Wiirttcmb. naturw. Jahreshcl'te, Is 17,

pi. 3. " Rarieostatenbank," (Quenstedt, lS.">t;, Der Jura. j>. 1>(J2.
" Die Schichten des Ammonites raricostatus," Oppel, 1856, Die Jura-
formation, p. 56.

The bods forming this zone are exposed in several brick-tields in

the vicinity of Cheltenham. They consist of dark-coloured clays, more
or less impregnated witli the peroxide of iron. In an excavation

recently made near Marie Hill, for the purpose of obtaining clay to

make bricks for the town-sewers, the following section was obtained.

The beds are enumerated in a descending order.
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No. ft. in.

1. Gryphcea-bed ; a hard ferruginous clay, which broke

into fragments, and contained many specimens of

Gryphoea obliquata, Sow 3 ft. to 4
2. Coral-band ; a thin seam of lightish-coloured unctuous

clay, containing a great many small sessile Corals

(Thecocyathus), most of which appeared to have been

attached to the valves of Gryphites 1 inch to 1^

3. Hippopodium-bed ; a stiff dark-coloured clay, in some
parts ferruginous, and containing Gardinia Listeri,

Sow., and Hippopodium ponderosum, Sow., in con-

siderable numbers from 8 ft. to 10

4. Ammonite-bed ; a dark ferruginous clay, containing

,

selenite and the peroxide and sulphuret of iron, and § ^
a great number of the brood of Ammonites, highly />*.§

pyritic, likewise Am. raricostatus, Am. armatus, and
|

,° -3

the other species of the list J
In the parish of Cleeve near Cheltenham the same beds were

formerly worked for brick-earth, and the finest specimens that I

have collected of Gardinia Listeri, Sow., Hippopodium ponderosum,

Sow., Ammonites raricostatus, Ziet., and Pleurotomaria Anglica,

Sow., were obtained therefrom. In the railway-cutting at Bredon

the same beds were likewise cut through, and yielded a rich series of

the characteristic fossils. In Warwickshire the railway-cutting at

Honeybourne exposed the same beds ; and here likewise the coral-

band contained a considerable number of Thecocyathus rugosus, Wr.
At Lyme Regis in Dorsetshire this zone is found near Black Yenn.

Some of the beds contain a considerable quantity of pyrites, so

much so, that during the winter months they are worked for that

mineral, when their characteristic Ammonites are collected in con-

siderable numbers
;
unfortunately they are so much charged with

pyrites that they are preserved with difficidty.

At Robin Hood's Bay, on the coast of Yorkshire, this zone is seen

resting on the underlying clays with Ammonites oxynotus, and over-

lain by thick clays containing Ammonites Jamesoni, Sow. In all

these localities there appears to be an absence of limestone-layers
;

clay, more or less impregnated with iron, constitutes the entire beds.

Fossils of the Zone of Ammonites raricostatus.

Belemnites acutus, Mill.

Nautilus striatus, Sow.

Ammonites raricostatus, Ziet.

armatus, Sow.

armatus densinodus, Querist.

nodulosus, Buck.
Guibalianus, oV Orb.

mutieus, oV Orb. (?)

Pleurotomaria similis, Sow.

Trochus imbricatus, Sow.

Ostrea, n. sp.

Gryphasa obliquata, Sow.
Cardinia Listeri, Sow.
Hippopodium ponderosum, Sow.
Anomya pellucida, Terq.

Unicardium cardioides, Phil.

Myacites, sp.

Bhynchonella variabilis, Schloth.

Terebratula numismalis, Lamk.
Pentacrinus scalaris, Goldf.

Thecocyatbus rugosus, Wr.

§ IY. Conclusion.—From the preceding observations it appears
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that the Avicula contorta beds, which lie at the base of the Lias,

contain a fauna of a special character; several of the Conchifera are

identical with species found only in the Upper St. Cassiun beds and
Kossener-Schichten of continental geologists. These remarkable
strata arc grouped by one class of observers with tho Trias, by
another with the Lias ; the difference of opinion among continental

geologists has arisen from the circumstance that the majority of the

species have a Triassic facies, whilst a few only arc said to pass into

the Lias.

In England, on the contrary, our grouping of the Avicula contorta

beds has been based chiefly on their lithologieal character ; and in

part likewise from their being fossiliferous, and resting on tbe upper-

most part cf the unfossiliferous lied Marl ; the fossils they were
found to contain being assumed to be Liassic, from their proximity to

the fossiliferous beds of the Lias.

It has been stated by Sir Philip Egerton and Professor Agassiz,

that the Fishes of the English Bone-bed are either special to that

breccia, or belong to species which are well known in the Muschel-
kalk of Germany. General Portlock, who found these beds in tho

North of Ireland, stated that they contained Muscholkalk fossils ; and
Sir Charles Lyell, in his 'Manual,' from the determination of the Fish,

placed the Bone-bed in the Trias. Lastly, I have now shown that

the Conchifera are special to this zone, and that none of them ap-

pear to pass into the true Lias.

The Avicula contorta beds occupy a considerable area in the Mid-
land Counties, the South of England, and South Wales, and through-

out present very uniform lithologieal and palseontological characters ;

General Portlock having found them in the North of Ireland, and
Mr. Howell at Bagots Park in Staffordshire, whilst I have traced

them through the counties of Worcester, "Warwick, Gloucester, So-

merset, Glamorgan, and Dorset.

Whatever may be determined regarding tho true grouping of the

Avicula contorta beds, there can he no douht that the/uxi: oi A.mmo-

nttes PLAKOBBIS belongs to the Lias, and forms the base of that for-

mation, should tho Avicula contorta beds be hereafter removed to

the Trias. This zone is remarkable for the Jirst appearance of Am-
monites under the simple form of Ammonites planorhis in some of its

lowest beds, where they appear sparingly. They are abundant in the

upper shales, where the species become extinct. The Am. planorhis

beds may be described as the; first Saurian zone of the Lias, if tho

Bone-bed he removed from this formation. I'/rsiosaurus metjaci phahts,

P. Etheriilijii, P. Ilaivhinsii, and P. dolichoa'eiriis are found in the

Lower " Fire-stones ;" and Ic/ithi/osauras intermei/ins and /. t<uiti-

rostris in the shales and limestones above these. Insects are found

in different beds in this zone in some localities, and only in one <>r two

limestone-beds in others. The thin laminated shah s are often much
marked by rain-spots. These facts attest the marginal nature of

these deposits. The numerous Sea-urchins of the (iuinea-bed "

and the corals of the other strata prove that marine life there pre-

vailed.

VOL. XVI. I'AUT I. 2 B
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The Zone oe Ammonites Btjcklandi is remarkable for containing

a great number of large Ammonites belonging to Yon Buch's group

Arietes, such as Am. BucMandi, Am. rotiformis, Am. Conybeari, Am.
angulatus, &c, which everywhere characterize this stage where it is

developed in Europe. Saurian remains are not so abundant in this

as in the Am. planorbis zone ; but Lima gigantea, L. antiquata, and

other congeneric forms, with Grypheea arcuata, prevail in abun-

dance throughout. In the uppermost beds only Belemnites acutus

occurs, and that in small numbers.

The Zone oe Ammonites Turneri is characterized by the appear-

ance of several species of Ammonites, as Am. Turneri and Am. semi-

costatus, and the abundance of a remarkable crinoid, Pentacrinus

tuberculatus, Mill. The Ammonites which prevailed in the Am.
BucMandi zone are mostly all absent from this. The second Lias

Saurian zone belongs to this subdivision, for the beds richest in

remains of Fish and Sanrians at Lyme Regis (containing Ichthyo-

saurus platyodon, I. intermedins, and i". communis) belong to the

zone of Am. Turneri. Unfortunately the beds yielding the different

species of fossil Fishes have not been noted with sufficient accuracy

to enable me to state what species belong in particular to these bee's.

The Zone oe Ammonites obtesus contains many species of Am-
monites which here appear for the first time. Ammonites obtusus,

Am. Birchii, Am. Brookii, Am. Smithii, Am. Dudressieri, and Am.
planicosta, with Nautilus striatus and Belemnites acutus, form the

group of Cephalopoda here. Saurian bones occur sparingly in these

beds ; and a remarkable thin bed of limestone, characterized by im-
mense numbers of Extracrinus Briareus which are preserved on the

surface of the slabs, belongs to this zone.

The Zone oe Ammonites oxynotus contains three or four species of

Ammonites which have a very limited range in time, as Ammonites
oxynotus, Am. bifer, and Am. lacunatus ; with a number of small

Conchifera belonging to the genera Area, Leda, Astarte ; and small

Urchins, as Acrosalenia minuta, and fragments of Crinoids.

The Zone oe Ammonites raricostates possesses a remarkable

assemblage of Mollusca. The Ammonites are all special to this zone:

of these, Am. raricostatus, Am. armatus, Am. densinodus, Am. nodu-
losus, and Am. Guibalianus are the most abundant. Cardinia Listeri

is found in great numbers, with Grypheea obliquata and Hippopo-
dium ponderosum, together with a thin band of small Corals, and
Belemnites acutus. The clays forming this zone and that of Am. oxy-
notus are largely charged with the snlphuret of iron, and hkewise
with the peroxides of that metal, so much so that the fine fossils

found therein fall to pieces in the bed, or rapidly decompose when
exposed to the atmosphere.

The following Table shows at one view the geographical distribu-

tion of the different zones of the Lower Lias.
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Table showing the Zones of the Lower Lias.
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pq

-

Counties

Clay -with. Ammonites Jamcsoni, Sow.
, a. Baric clays and sliales, often ferruginous,

containing Hippopodium ponderosam,
A Gryphaa obMgua, Cardinia Listen, The-

cocyathus ruyosus, Am. raricostatus, Am.
* armatus, and Am. densinodus

b. Dark clays and shales, much impregnated
with iron, containing Ammonites oxy?io-

tus, Am. bifer, Am. lacunatus, and Acro-

salenia minuta
c. Greyish argillaceous limestone, in tliin

beds alternating with beds of clay and
marl, and containing Ammonites obtusus,

Am. Birchii, and Am. Budressieri

d. Hard, dark, slaty clays, or light-coloured

shelly limestone, with Cardinia ovalis,

Pentacrinus tubereulatus, AmmonitesTicr-
neri, Am. semicostatus, and Saurians

c. Bluish-grey limestones, with beds of clay,

containing Lima antiqua, L. yiyantea,

Ammonites anyulatus, Am. Bucklandi,

Am. Conybeari, and Am. rotiformis

Greyish or light-coloured limestones, in

thin beds, interstratified with finely lami-

nated shales ; the limestones forming the

Paving-beds of Warwicksliire and the

White Lias of Dorsetshire; and contain-

ing Ammonites planorbis, Am. Johnstoni,

Lima punctata, L. yiyantea, L. pecti-

noides, Hemipcdina Tomesii, and spines

of Cidaris

y. Hard dark-grey limestone, containing

Ostrca liassica in great abundance, will)

skeletons of Plcsiosaurus meyacephulus,

P. Haukinsii, Ichthyosaurus intermedins,

and /. tenuirostris

Dark shales, with thin bands of lime-

stone, often pyritie, and tliin beds of

light-coloured micaceous sandstone, witli

a tliin band of bone-breccia near the base.

These contain Avicula contorta, Pectcn

Vulonicnsis, und Pullastra arcnicola

' Zone of

Ammonites
raricostatus.

Zone of

Am. oxijnotus.

Zone of

Am. obtusus.

Zone of

Am. Twrneri.

Zone of

Am. Bucklandi.

Zone of

Am. 2>l(>n°rbis.

Ostrca

Beds.

Zone of

Avicula con-

torta.

rh.

Red Marl- of the K.up.r.

In concluding the>e observations on the different zones of the

Lower Lias, I would remark that nearly all the species contained in

these beds diil'cr from tin- species of the Middle Lias, which, in like

manner, can be divided into several distinct zones by the AmmonUet
contained in them. I must reserve my observations on this subject

to a future communication, in which I propose j^ivin^ a table show-

ng the stratigraphical distribution, of all the lnvu-td>raUk of the Lias.



412 PROCEEDINGS OP THE GEOLOGICAL SOCIETY. [Mar. 14,

March 14, 1860.

The Rev. T. G. Bonney, M.A., Fellow of St. John's College, Cam-
bridge, and the Rev. Henry Eley, M.A., Broomfield Vicarage, Chelms-
ford, were elected Fellows.

The following communications were read :

—

1. On the occurrence of Lingttla Credneri, Geinitz, in the Coal-
measures of Durham

; and, on the Claim of the Permian Rocks to

be entitled a System. By J. W. Kirkby, Esq.

[Communicated by T. Davidson, Esq., E.G.S.]

The recurrence of Carboniferous species in Permian strata is not new
to palaeontologists ; for recurrent species from the Carboniferous

fauna, and such as were supposed to be recurrent, have been noticed

by several observers. Messrs. Lonsdale*, Jones f, HowseJ, King§,
and Davidson ||, as well as others, have identified Permian with Car-

boniferous species, or vice versa, though it may be remarked that in

some cases their determinations have been undoubtedly erroneous.

The discovery of another species which had long been thought

characteristic of the Permian period, in Carboniferous strata, is there-

fore not so novel a fact as might appear at first sight. At the same
time, I deem it well to record its occurrence, which is not without
importance. It is of interest merely as the discovery of another

species which is common to the faunas of the two later paloeozoic eras;

and it is of consequence as a fact which assists in illustrating some
of the physical conditions which prevailed during the deposition of

the Upper Coal-measures of the North of England.
In the Permian formation, Lingida Credneri is confined to the

lower strata. In England it is restricted to the " Marl-slate," and
the lower beds of the " Compact Limestone. It is not common in

these members, having been found only at Ferry Hill, Thrislington,

and Thickley.

As a Carboniferous shell it only occurred to me during the summer
of last year (1858), at the Ryhope Winning, near Sunderland. I

first observed it in a thin bed of dark shale, at a depth of 951 feet

from the surface, or 592 feet from the base of the overlying Permian
strata. In this bed it was exceedingly rare ; but I found it more
plentiful in a thick stratum of grey shale just above the bed already

mentioned.

From the first I was struck with the resemblance of these Lin-
gular to the Permian species L. Credneri ; and my opinion was only

* Lonsdale on Corals, in ' Silurian System ' (Fenestella antiqua).

t Jones on Entomostraca, in Prof. King's Mon. Perm. Eoss. pp. 61, 62 (
Cythere

[Bairdia] curta, &c).

| Cat. of Fossils in Perm. Syst. of Northumb. and Durh. p. 40 (Spirorbis glo-

bosics).

§ Cat. Org. Rem. of Perm. Syst. p. 13 (Loxonema rugifera) ; see also Mon.
Perm. Eoss. p. 150 (Tcrebratula sufflata).

||
Mon. Carb. Brachiopoda, pp. 14, 38j& 58 {Tcrebratula Sacculus, &c.) ; also

in ' Geologist,' vol. iii. pp. 19 & 21.
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strengthened by the acquisition of a full suite of specimens. Not
to rely solely upon my own judgment, however, I have submitted
some of the finest examples to the inspection of Messrs. R. Howsc,
A. Hancock, and T. Davidson, who quite agree in referring them to

L. Credneri.

There is no essential difference between the Permian and Carbo-
niferous specimens. The form of both is nearly oval. Each show
similar slight modifications of outline—occasionally becoming some-
what oblong, and having the posterior end more acuminate. The
lines of increment are alike in both ; and there is no difference in

the thickness of the shell, which in both cases is extremely delicate.

The Carboniferous specimens have the median elevation more promi-
nent than those from the marl-slate ; but in this respect they only

approach more closely to the Permian examples from the Kupfcr-
Schiefer, the German equivalent of the Marl-slate. In no respect

do the Permian differ from the Carboniferous specimens more widely
than do individuals of the same series from each other.

The intervening space between the Marl-slate and the Lingula-
shale at Pyhopo is 680 feet : 96 feet of this is occupied by the Poth-
liegende, or Lower Red Sandstone, which, with Murchison and others,

I consider to be Permian* ; the rest is true Coal-measures, and in-

cludes seventy-one changes of strata. The predominating mineral

character of the latter is argillaceous ; the arenaceous and carbona-

ceous beds occupy less than a third of the whole. Twelve seams of

coal are included in these strata, the most being unworkable
;
they

give an aggregate thickness of 8 feet 2 inches. With one exception,

these coal-scams appear to have resulted from growth on the spot

;

for in eleven instances they rest upon " thill "—a term of the

Durham miners for the undcrclays containing Stigmarice, which are

now generally supposed to have been the soils of the Carboniferous

forests. In one instance a scam, 13 inches thick, rests upon a white

sandstone, in which case the coal may be the result of vegetable

drift t. These facts seem to indicate that, even as a Carboniferous

species, Lingula Credneri enjoyed a range in time of no mean length
;

* Some geologists refer the Rothliegcnde, or Lower Red .Sandstone, to tlio

Coal-measures. Mr. Home quotes its conformability to, and the identity of its

fossils with those of the Coal-measures as sullieient evidence for classing it with (lie

latter strata. Ou the other hand, it is contended hy Sir Roderick Murchison
that a more comprehensive view leads to the conclusion that it belongs to the

Permian group. The question is of some interest ; and I would refer those w ho
wisli for further information to Mr. llowse's paper in ' Annals and Mag. Nat.

Hist.' 2nd ser. vol. xix. pp. '>! k .">S; and to 'Siluria,' 2nd edit. p. .'!I7.

t In the majority of eases, when coal rests upon sandstone, I believe this sur-

mise to be correct. But I have observed StiffTnoriaficoides, IJrongn., in white
argillaceous sandstone, with its rootlets well preserved, and apparently in their

original position. In this instance the SiffWCtna may pos-ihly have grOWll on
n sandy soil ; or its roots (Sfiijmaria) may have penetrated through a more suit-

ahle but thin soil, into an arenaceous stratum helow. As a rule, however, it is

not unlikely that seams of coal resting upon sandstone may be the result of vege-

table drift.

I am informed hy a friend, that in the coal-field of t he Forest of Wvre. V/./-

maria, with the rootlets in position, occurs in white fine-grained sandstone,

beneath a seam of imperfect coal.
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for it is difficult to suppose that all these alternations of strata, and

the growth and accumulation of twelve distinct stages of vegetable

matter, could be otherwise than slowly effected. Comparatively-

speaking, however, and so far as we know, its advent was towards

the close of the Carboniferous period.

In the stratum of shale in which the first Lingulce were found,

there occur the remains of Fish, Entomostracans, and Plants, as well

as those of a species of Anthracosia, which are very numerous on one

horizon of the bed*". The piscine remains consist of Ganoid scales,

some of which are beautifully coated with brown enamel ; Sauroid

teeth resembling those of Holoptychius Hibberti ; and spines and iso-

lated bones. These remains are always in a detached state,—the

scales never being connected, nor the bones in juxtaposition. The
Entomostraca belong to two species, one of them bearing some simi-

larity to Cypris injiata, Murchison. The association of Entomostraca

with Fishes may, perhaps, assist in explaining the fragmentary con-

dition of the latter, as has been suggested before in a similar instance.

Among the vegetables is a small species of Lejpiclodendron, and appa-

rently a Sigillaria and a Catamites. On one horizon of the stratum,

the vegetable matter seems to form a layer of bituminous coal ; and

it is in this that the fish-remains are the most numerous. The Mol-

lusea and Entomostraca are not found in the coal, but only where the

stratum is more argillaceous. The Lingular and Anthracosia}, though

in the same stratum, are not associated. The remains of Fishes are

in close contiguity with the former ; and sometimes all the remains,

Lingular excepted, are to be seen on one plane, as though individuals

of the different species had lived and died together. In the grey and

more argillaceous shale above the first-mentioned bed, and where the

Lingular are more common, the only other remains which occur are

a few Ganoid scales and bones of Fishes.

It is not my intention at present to enlarge on the peculiar cha-

racter of this assemblage of species, further than to notice how the

occurrence of the Lingulce establishes the fact that marine conditions

must occasionally have prevailed in the Durham area during the

accumulation of the Upper Coal-measures. The discovery of L.

Credneri (an unquestionably marine shell) is, I believe, the first indi-

cation of marine conditions in this coal-field. Hitherto the Durham
Coal-measures have always been referred to as a series of freshwater

stratat, and pre-eminently lacustrine. It is therefore well we
should know that, though the general character of these measures is

decidedly lacustrine, or, rather, fluviatile, yet that in rare instances

there are intercalations of strata which contain marine remains.

In commencing these remarks, the existence of other Carboniferous

species common to Permian rocks was generally alluded to. It may

* I am informed by Mr. G. Tate, F.G.S., that in the monntain-limestone there

is a similar group of organisms in a shale connected with a coal-seam at Brunton
in Northumberland, where there are Lingulce squamiformis, Entomostraca, An-
thracosia, remains of Ganoid Fish, and Plants.

t See Lyell's ' Elements of Geology,' 4th edit. pp. 325, 326 ; and Phillips in

Encyc. Metrop., art. "Geology," p. 592.
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not be out of place to mention those species which are now allowed
to be common to the Carboniferous and Permian fauna:.

Through the critical and most elaborate researches of Mr. Thomas
Davidson, several of the Permian Bracluopoda have been proved to

be recurrents from the Carboniferous fauna. Some of these had long-

been suspected by other palteontologists to be very closely related to,

if not identical with, Carboniferous species*. In his Monograph of

the Carboniferous Brachiopoda, Part I., Mr. Davidson has already

shown the identity of the Permian species Tcrebratida sufflata, Spi-

rifera Clannyana, and Bpiriferina cristata with the Carboniferous

species T. Sacculus, S. Urii, and S. oetoplicata ; and in the forth-

coming Part of that valuable work, it will be seen that there are also

two other Brachiopods in Carboniferous rocks which are essentially

the same as species occurring in the Permian strata of Durham t.

By the courtesy of Mr. Davidson, I am allowed to mention that these

species are Camarophoria crnmena and G. rhomboidea, which are

identical with the Permian species C. Schhthehni and 0. globxdina.

I [It is also the opinion of Mr. T. Rupert Jones that three species of

Permian Entomostraca are identical with the Carboniferous species

Cytlicre elongata, C. inornata, and G. (Bairdict) gracilis$. These
determinations are certainly not so conclusive as those of the Bra-
chiopoda, as the comparative examination which the species have
undergone has not been so rigorous, owing to the greater scarcity of

specimens ;
but, so far as may be judged from the existing materials,

it is the opinion of Mr. Jones that the Permian specimens belong to

the species to which he refers them.

And in regard to the flora of the British Eothlicgcnde, the species

cither appear to be identical with such as occur in the Coal-measures,

or to belong to genera characteristic of these strata. The researches

of Mr. Howsc in the Bothlicgendc, or Lower Red Sandstone, at

Tyncmouth, resulted in the discovery of Pinites Brandling!, Trigono-

carpum Nceggerathi, Sigillaria teniformis, Catamites a/pproximatus,

and C. i/ncegualis?, all of which are found in the Coal-measures §.

(fyracanthus formosuti, a Carboniferous P/amid, an, also occurs in this

deposit.

To recapitulate, the following species appear to be common to

both Carboniferous and Permian strata. The names marked with
asterisks have the right of priority.

C'AniiON'iFEitors Name. Permian Name.

1. *TcrchmfuIa mcculus, Mnrfin, T. wfflata, Sthloth., 1810, Denkscli.

1809. Conchi/UolifhHsAiiomifvs Sum/- Akad. Miinc-h. vol. vi. pi. 7. fl^r- I".

las, Martin, Petri f. Derbiensia, pi. 46,

* Sco Prof. King's remans on Torebratuta svjjlata, Mon. Perm. Foss. p, 150,

also in the Introduction, p. x\\

.

t See also in ' Geologist,' vol. iii. p. 10 note, and p. 21.

\ Sec Jones in Kind's Mon. Perm. Foss. pp. 02 iv. also Jones and Kirkby

on Permian Entomostraca in Trans. Tynes. >'at. FicId-( 'lul>. vol. iv. p. 122.

§ Howsc. "on Perm. S\ si. of Xortliumh. and Durh.," Ann. and -Ma^. Nat. Hist.

2nd scr. vol. xix. p. 38 ; also Trans. Tynes. Nat. Field Club, vol. iii. p. 230.
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Carboniferous Name.

figs. 1 & 2 ; Davidson's Carb. Brach.

p. 14, pi. 1. figs. 23, 24, 27, 29, 30.

2. *Spirifera Urii, Fleming, 1828.

Sp. Urii, Flem. Hist, of British Anim.

p. 376 ; and Dav. Carb. Brach. p. 58,

pi. 12, figs. 13, 14.

3. Spiriferina octoplicata, J. de C.

Sowerby, 1827, Min. Con. p. 120, pi.

562. figs. 2-4 ; and Dav. Carb. Brach.

p. 31, pi. 7. figs. 37-47.

4. *Camarophoria Crumena, Martin,

1809. Conchyliolithus Anomites Cru-
mena, Martin, Petrif. Derb. pi. 36. fig. 4.

5. Terebratida rhomboidea, Phillips,

1836, Geol. of York, vol. ii. pi. 12. figs.

18-28.

6.

7. Cythere elongata, Miinster, 1830,

Jahrbuch f. Min. p. 65. n. 19.

8. Cythere inornata, M'Coy, 1844,

Syn. Char. Carb. Foss. p. 167, pi. 23.

fig. 18.

9. Bairdia gracilis, M'Coy, 1844,

Syn. Char. Carb. Foss. p. 165, pi. 23.

fig- 7.

10. Gyracanthus formosus, Agassiz,

Poissons Fossiles, vol. hi. p. 17, pi. 5.

figs. 4-8.

11. Pinites Brandling/, Lindley.

12. Trigonocarpon Nceggerafhi, Br.

13. Sigillaria reniformis, Brongn.
14. Ccdamites approximatus, Brngn.
15. —— incsqucdis (?), Lindley.

Permian Name.

Martinia Clannyana, King, 1848,

Cat. of Organ. Rem. Aug. 19th, 1848 ;

and Mon. Eng. Perm. Foss.p.134, pl.10.

figs. 11-13.

*Sp. cristata, Schloth., 1816. Sp.

cristata, Sch. Beitr. z. Naturg. d. Verst.

in Akad. der Wissensch. zu Miinchen,

pi. 1. fig. 3.

Terebratula Schlotheimi, Von Buch,
1834, Ueber Terebrateln, p. 37, pi. 11.

fig. 32.
* Camarophoria globuliva, Phillips,

1834. T. globulina, Phillips, Ency.
Met. (Geology) vol. iv. pi. 3. fig. 3.

*Liiigula Credneri, Geinitz, 1848,

Versteinerungen des Zechst. p. 1 1 ,
pi. 4.

figs. 23-29.

C. elongata, Mini., Jones in King's

Mon. Perm. Foss. p. 62, pi. 18. fig. 5

;

and Jones on Perm. Entom. in Trans.

Tynes. Field-Club, vol. iv. p. 159, pl.ll.

fig. 2.

C. inornata, M'Coy, Jones in King's

Mon. Perm. Foss. p. 63, pi. 18. fig. 9;
and Jones on Perm. Entom. in Trans.

Tynes. Nat. Field-Club, vol. iv. p. 160,

pi. 11. fig. 6.

Cythere {Bairdia) gracilis, M'Coy,
Jones in King's Mon. Perm. Foss.

p. 62, pi. 18. fig. 7 ; and Jones on Perm.
Entom. in Trans. Tynes. Nat. Field-

Club, vol. iv. p. 163, pi. 11. fig. 15.

G. formosus, Ag., King's Cat. Org.
Rem. p. 14 ; and Mon. Perm. Foss.

p. 221 ; also Howse in Trans. Tynes.
Nat. Field-Club, vol. iii. p. 239.

See Howse on Perm. Syst, of Nor-

Y thumb, and Durh. in Trans. Tynes.

I

Nat, Field-Club, vol. iii. p. 239.

;

In this list of species common to the Carboniferous and Permian
rocks, I have only included those which have been pronounced re-

currents by careful paleontologists. There are other species which
appear to be such, but which as yet have not been proved to be iden-

tical with the Carboniferous forms which they resemble. Among
the most prominent is a Polyzoon called Fenestella retiformis by
Permian palaeontologists, which bears so strong a resemblance to a

species in the Mountain Limestone (namely, Retejpora membranaceci)

that I almost believe them to be the same ; but as I have not yet

been able to examine a good celluliferous face of the Carboniferous

species, I cannot decide whether they are identical or not.

It is not unlikely that some geologists may question the authenti-

city of the identifications already made ; for there are those who hold
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that no species ranges beyond its own system of strata—beyond the
system in which it first appears*. But if there be any veracity in

palaeontology, it establishes the fact that species are not confined to

systems of strataf. So, if we even assume that the Permian rocks

form as sound a system as the Silurian, there are still no reasons for

denying upon principle the identifications made. The rules applied

to the determination of these species are those which are used in the

determination of species belonging to one system. The same prin-

ciples which are followed in resolving a fauna or flora into species

ought to guide palaeontologists in their more comprehensive studies

of the life-groups of adjoining systems; and these I believe to be
the principles which have controlled the decisions of Messrs. David-
son, Howse, and Jones in the determination of these recurrent spe-

cies. Of course the possibility of error is not denied ; but so far as

the existing materials supply information, their conclusions appear

to be legitimate, and the only ones at which they could philosophi-

cally arrive.

From the preceding list of Carboniferous species found also in the

Permian strata of Durham, we are able to see at a glance the specific

relationship (so far as at present known) which exists between the

life-groups of the later palaeozoic periods. The generic affinity of

these groups has long been noticed. The latter feature, and other

apparent indications of the absence- of a systematic difference, have
originated a proposal that the Permian strata should be included in

the Carboniferous system ; and it is not to be denied that the exist-

ence of so many Carboniferous recurrents in the Permian fauna and
flora lends support to the suggestion. In admitting thus much, I

have no wish to abandon the term '' Permian" as the distinctive title

of those rocks which now rank under that name ; but I certainly do

doubt whether they ought to be classed as a distinct system.

There appears to be a general want of importance about the

Permian rocks as a group, that is opposed to their classification as

a separate system. They possess not the vertical range of other

systems of strata. Their life-groups are chiefly based upon Carboni-

ferous types ; and the development of species is exceedingly meagre

compared with species-development in other systems. Consequently

there appear to he no reasons for considering that they represent a

period of ancient time that possesses anything like equivalency of

value to the periods which other palaeozoic; systems apparently indi-

cate. It is true, certainly, that the bulk of the Permian species arc

distinct : but it is just as true that 1
"> recurrent Carboniferous species,

in the comparatively small fauna and flora of Britain, form a much
greater percentage than recurrent species usually occupy in the fauna)

and flora) of other systems; indeed the percentage is much greater

than that which obtains in some of the subdivisions of the Silurian

* See Pigsbv on Pal.-uozoie Rocks of New York, in Quart. Journ. (tool. Soo.

vol. xv. p. US'), where Angelin, Pictet, D'Orbigny, and Agassi/ are quoted as being

of this opinion.

t See some interesting remarks on recurrency bv Dr. Pigsby in Quart. Journ.

Geol. Sue. vol. xv. p.
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system. As an instance, I may refer to the Trenton Limestone of

the palaeozoic basin of New York, which contains 250 species, only

6 of which are received from Underlying strata*. On the most liberal

estimate, the Permian species of Britain do not form so large an aggre-

gate ; and on an estimate which appears more in harmony with truth,

they only number 136 species f . It will be seen, therefore, that Car-

boniferous recurrents form about 11 per cent, of the British Permian

species. As yet, nothing is known of the recurrency of Carboniferous

species in the Permian faunse of Germany and Russia. It may be that

these faunse contain no recurrents from an earlier era, in which case

the general percentage of such recurrents in the Permian fauna at

large may not appear so great ; but from analogy we should imagine

otherwise. Our knowledge of the Russian fauna can at the best be

but elementary ; and we may rest assured that, notwithstanding the

valuable researches of Sir Roderick Murchison and his coadjutors in

Perm, there cannot but remain a large mass of information to work
out. It is possible to get more or less correct ideas of a life-group

by a cursory examination of the rocks containing it ; but to acquire

a full and complete knowledge demands long-continued researches $,

for such a knowledge is the aggregate of a multiplicity of details

which can only be collected by years of observation.

In respect to the appearance of new generic types during the

Permian period, I may add that the only genera of Mollusca Avhich

are apparently met with for the first time are Myoconcha and Theci-

dium, which are likewise accompanied by the subgenera Monotis and
Aulosteges : the rest of the Mollusca belong to genera which appear

earlier. A genus of Crustacea (Palceocrangon) appears for the first

time, and, so far as is known, the only time. The Polyzoa §, Echino-

dermata, Zoophyta, and Hhizopoda are all of Carboniferous or more
ancient genera. It seems questionable whether any new generic

forms of Fish appear during Permian time
;
certainly none in Britain.

Indeed the only class of animal life that assumes generic characters

which appear to be peculiarly Permian are the JReptiUa. Some stress

has been attached to the specific distinction of the Permian flora in

Germany from that in Britain ; and attention has been drawn to the

* Quart. Journ. Greol. Soc. toI. xiv. pp. 344 & 345, also table, p. 420.

t In this estimate of the Permian fauna and flora as distributed in Britain, the

number of species in each class are as follows : Heptilia 3, Pisces 17, Cephalo-

podon 1, Gasteropoda 20, Conchifera 20, Pteropodon 1, Brachiopoda 17, Poly-

zoa 7, Crustacea 22, Annelida 4, Eehinodermata 2, Zoophyta 2, Amorphozoa 5,

Bhizopoda 5. Between this enumeration and one based on the views of Prof.

King, there would be a difference of about 30 species,—the latter authority regard-

ing as species about 30 forms which I believe to be only varieties at the most.

\ It is not, of course, assumed that we can ever attain a full and perfect ac-

quaintance with any ancient fauna or flora, but only so far as its remains have
been preserved, and so far as it may be possible to examine them. In this sense

our knowledge of one fauna may be full and complete, owing to more elaborate

researches, in comparison to what we know of another fauna which has not been

so well investigated.

| It was supposed by Prof. King (Mon. Perm. Foss. p. xix) that his genus

. Synocladia was confined to the Permian rocks ; but a Polyzoan occurs in the

Mountain Limestone of Settle, which undoubtedly belongs to the same group.
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genus Psaronkes as being particularly distinctive of the Pothliegende.
From the slight acquaintance I possess with this flora, I am not aware
that it differs gencrically from the preceding flora of the Coal-mea-
sures; and with respect to Psaronites, it is undoubtedly a Carboniferous
genus, having occurred in the coal-fields of France and the United
States*. It is for those who have studied palaeozoic rocks .and or-

ganic remains to decide whether so subordinate a development of

generic types can be compatible with the systematic distinction of

the Permian strata.

It is undoubtedly difficult to define the precise amount of value
attached to the term " system" ; and perhaps it is not to be expected

that perfect uniformity of value can be adhered to in systematic

groups of strata : still it is highly desirable to approximate to this

for sound classification. At any rate it seems practicable to observe

a greater degree of consistency in the division of the palaeozoic strata

into primary groups than exists in the quaternary system now
adopted. For, if we are to consider the whole of the Silurian rocks

and the various phenomena they express as only sufficient to consti-

tute one system, upon what principles of classification are we to

grant the same value to the Permian rocks, the importance of which
in every respect is less than that of cither the Upper or Lower Silu-

rian groups ? If the one merely suffice to establish a system, surely

the other must fall greatly short. Or if the latter suffice, does not

the former more than suffice ?

It may be contended that magnitude is not the only clement in

constituting systems, nor yet, perhaps, the character of organic re-

mains, but that conformability, or the converse, is of more import-

ance than cither, or both. Now it scarcely comes within the scope

of this paper to discuss the merits of the Permian system in this light.

My remarks are based on the paloeontological aspects of the quest loo,

which I hold to be of infinitely greater consequence in the grouping

of strata than the relative position which strata occup3r
. Conform-

ability of strata docs not prove that they were deposited with regu-

larity, or that they do not belong to widely separated periods of

time ; nor does unconformability demonstrate the close of one period

and the commencement of another; for it has yet to be proved that

a general disturbance of strata ever took place—that unconformability

is ever more than local. I therefore maintain that it is chiefly upon
life-phenomena that we must rely in the classification of rocks, and
that, in all attempts to arrive at an approximation to the relative

value of ancient periods of time, the evidence afforded by organic re-

mains must be of greater importance than that of the rocks contain-

ing the remains.

In thus attempting to show the close relationship that exists

between the Permian and Carboniferous life-groups. [ speak only

according to the present state of paleontology. The later advances

of this science seem to tend towards the abrogation of all natural

systems ; and it is not unlikely that ultimately geologists and palae-

ontologists will have to admit, as some perhaps admit now, that all

* Lvcll's Elements of Geology, 4th edit. p. uU7.
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classifications of rocks must be artificial. Therefore, in arguing for

the close affinity of these life-groups, I have no intention of main-

taining that even the two united indicate a natural and distinct group

or system. In some respects the Permian fauna is related to that of

the Triassic period ; but this relationship appears to be more remote

than that with the Carboniferous, though perhaps less than is gene-

rally supposed. All that I wish and try to prove is, the compara-

tively intimate connexion which exists between life-groups of the

two periods—a connexion which seems to be more intimate than that

existing between the Silurian and Devonian, or between the Devonian

and Carboniferous systems, so far as is yet known. At the same
time I do not deny the probability that the palaeontogical connexion

between these systems may at last be found to be much closer than

now ; for I would rather refer all sudden changes in the distribution

of fossil species to breaks in the continuity of preservatory agencies

than to breaks in the continuity of ancient existences.

In conclusion, I must add that in making these somewhat cursory

remarks I have no intention of speaking authoritatively, or without

due respect to those who hold different opinions. The sentiments ex-

pressed are certainly based on the residts of several years' researches

in Permian palaeontology ; but still they are merely those of a student,

not of a professor.

P.S. Since writing the preceding remarks, I have had the oppor-

tunity (through the kindness of Mr. Davidson) of reading a paper by
M. Marcou, entitled " Dyas and Trias

;
or, the New Red Sandstone in

Europe, North America, and India," in which an attempt is made to

prove that the Permian strata should not be classed as a palaeozoic

formation at all, but rather with the New Red Sandstone as mesozoic.

In this paper M. Marcou maintains tbat the Permian formation has

been classed with other palaeozoic groups solely on the strength of

thefades of its Molluscs and Plants. On this point I may be allowed

to remark that the facies of the whole of its fauna, as well as those

of its flora, are in favour of such a classification. And though M.
Marcou has quoted the Vertebrata and Crustacea as being corrobora-

tive of his views, yet when we remember that the bulk of the Ver-

tebrates belong to genera so pre-eminently palaeozoic as Palaioniscus,

Acrolepis, Pygopterus, Ccelacanthus, and Gyracanthus, and that, with

one exception, the Crustaceans belong to genera which existed in prae-

Permian eras, and that among them is a genus of Entomostraca

(Kirkbya) which is intimately related to Beyrichia, besides a Trilo-

bite of the genus Phillipsia, it is difficult to see where the corrobo-

ration lies. But, without going into further details, it may, I think,

safely be said that the facies of the Permian fauna is decidedly

palaeozoic—that, besides generic types so palaeozoic as Procluctus,

Stroplialosia, Aulosteges, Spirifera, Streptorhynchus, Athyris, Carclio-

morpha, OrtJioceras*
,
Bellerophon* , Conularia among the Mollusca,

there are Fenestella, Synocladia, Cyaihocrinus, Kirkbya, Phittipsia*,

* Those genera marked with asterisks have been added to the Permian fauna
by the researches of American palaeontologists in New Mexico and Texas.
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Palceoniscus, &cv among the other classes, the fades of which is equally

antique.

M. Marcou does not, however, rely altogether upon the argument
just noticed for the support of his views ; he advances another, which
I believe to be equally erroneous. Apparently under the impression
that the Permian strata should be referred to the Trias on account

of their lithological and mineralogical relationship, he maintains, after

depreciating the importance of palaaontologieal evidence, that the

ensemble of the purely geological characters of a group of strata is

of the chief consequence, and suffices alone to determine the age and
relative position of tbc group in any part of the world. Now, as

M. Marcou has specialized the Carboniferous and Cretaceous systems

as being highly illustrative of the truth of this, I would ask, how we
could have determined the age of the Cretaceous rocks of the United

States if we had not been assisted by palaeontology?—and who
could have told us the age of the Virginian Coal-field, which is de-

scribed by Sir C. Lyell as being composed of " grits, sandstones, and
shales exactly resembling those of older or primary date in America
and Eiu'ope, and even rivaling the latter in the thickness of its coal-

seams," if we could not have availed ourselves of palaeontological

tests ? And if we refer to the investigations of Dr. Geinitz on the

Coal-measures of Saxony, we find that by palaeontological evidence

he has been able to separate a Permian deposit from those truly Car-

boniferous, and also to show good reasons for supposing the lower-

most "coal-strata of the same country to be of Devonian age.

Other instances arc to be found in formations of all periods. In

arguing for the superior importance of palaeontological evidence, T do

not, as I have before stated, deny the value of other evidence (indeed,

it is highly requisite that all characters should be consulted in settling

the age of strata), but I argue against coming back to the old doc-

trine of the universality of deposition of one kind of sediment during

certain periods ; for the study of organic remains has proved its un-

soundness.

2. On the Pocks, Ores, and other Minerals on the Property of the

Makoi i'ss ok I

)

kka da i,hank in the EioHLAwna of Scotland. By

C. H. Gustav Thost, Esq.

[Communicated by Frof. James Nicol, F.O.S.]

[Abridged.]

Mica-schists, cjr.—On the property (if the Marquess of Preadullmne

(measuring in a curve nearly I'Hi miles from east to west, through

Perthshire and Argyllshire) mica-schist predominates. The high

mountains (Pen More, Pen Lawers, and others) forming the nucleus

of the Grampians consist of the same rock, which throughout the

property exhibits its many varieties of mineral character, and in-

cludes talc-schists, chloritic schist, and hornblende-rocks, often to a

great extent. In juxtaposition to the mica-schist, in the northern
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and north.-western part of the district, gneiss and granite appear.

Among the more useful subordinate rocks is a calcareous variety of

the mica-schist (limestone), in beds and in lenticular masses, con-

taining as much as 90 per cent, of carbonate of lime. Another stra-

tified rock found in close connexion with the mica-schist is clay-

slate, lying on the north side of Ben Lawers, and at a great elevation.

The difficulty of access is the only cause why it is only rarely used

as roofing-slate. These subordinate strata participate in most cases

in the general bearing of the mica-schist, which is nearly east and
west ; while the dip of the mica-schist, though in general low,

appears as often exceptional as conformed to rule. While in special

cases the underlie surrounds the several axes of elevation, sloping

from them on all sides, both the strike and dip are not unfrequently

altered by the appearance of eruptive rocks and other disturbing

masses, as, for instance, by intersecting veins and ridges of quartz.

The latter mineral in general seems to have played a considerable

part in metamorphosing and silicifying the adjacent mica-schist,

having in many instances made its appearance after the formation of

the mica-schist. Although those disturbing causes have exercised a

great influence upon the original beds of the rock, as may often and

very clearly be observed, they nevertheless leave sufficient traces of

the strata having had originally a horizontal position.

Tomnadashan Mines.—Among the igneous rocks, porphyries and

greenstones deserve particular notice, on account of their frequency

throughout the district. As a special case, probably illustrating all

the others, the rocks near the middle of the south side of Loch Tay,

opposite Ben Lawers, at the Tomnadashan Mines, invite close inspec-

tion; for in that place mining-operations have extensively aided

observation. All the facts there obtained support the supposition,

that, after the mica-schist had been broken through by the green-

stone, a powerful vein of porphyry was erupted ; for the greenstone,

while remaining unchanged in position and character on the east and

west sides of the porphyry-vein, has near its middle part not only

been deranged by mechanical force, but has also been often altered by
chemical agency into a substance exhibiting the mixed characters of

greenstone and porphyry, with transitions from one to the other. It

is not difficult to arrive at a probable estimate of the period when
the mineral ingredients—silver-ore, copper-pyrites, grey copper-ore,

iron-pyrites, and molybdenite—have made their appearance, if the

porphyry be considered as the matrix
;

for, while the porphyry-vein,

although about half a mile wide, and extending about three miles

towards the south, is nowhere destitute of one or other of the above-

named minerals (particularly iron-pyrites), the greenstone, when in

its original condition, nowhere contains a trace of those substances.

The only question remaining would be, whether those ores belong to a

later formation than the porphyry itself, or whether they are contem-

poraneous deposits. The general dissemination of these minerals

through the porphyry appears to prove the latter view. Closer in-

spection shows that the greenstone exercised a particular influence

upon the deposition and accumulation of the minerals named, which
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not seldom, and in marked richness, surround fragments of the
greenstone. This probably arose from the fluid mass cooling sooner
in these places, so that the metallic minerals suspended in the por-
phyry adhered to and fastened themselves in greater abundance on
and near the cooler surfaces of the broken greenstone ; whilst the
main stream of the porphyry, loaded with the same minerals, con-
tinued its way, and both rock and mineral particles had 'to harden
together. During this process the particles of ore easily penetrated

the smallest crevices of the greenstone, where they soon cooled down
and solidified, as can be observed on innumerable specimens, and in

many varieties.

Not only has the greenstone partaken, partly at least, of a change
as regards its absolute situation and its chemical composition, but
parts also of the mica-schist, though to a less extent and less fre-

quently.

If mica-schist came in contact with the porphyry, the formation of

slickcnslides or surfaces of friction took place. In the mines of

Tomnadashan several such divisions, which have received the general

name of " clay-veins," may be seen, forming very regular courses

both in perpendicular and horizontal directions. They are of some
importance to the miner, because they are leaders through the hard-
ness of the rock to be opened, and they are receptacles of the more
valuable minerals, in the same way as the greenstone.

Besides the above-mentioned metallic ores, carbonate of lime, in

scalenohcdron-macles and in other crystallographic combinations, as

well as dolomite, quartz, and sometimes sulphate of baryta, have
been found near the richer deposits of ore, especially where the grey
coppi T-ore predominates.

Molybdenite is met with as an accessory mineral everywhere. In
all other respects the valuable minerals are deposited apparently in

a casual arrangement.

Relation of the Valleys to the lines of fracture.—The same rocks,

liii in stone and porphyry, appear in many other localities of the

valley of Loch Tay ; and there is little doubt that to these igneous

masses the formation of the now water-covered valley itself is

attributable. The same conclusion may be drawn in reference to

Loch Awe, Loch Tulla, and Loch Etive, in the western and north-

western part of the district, where, however, granites and granitic

porphyries have produced the
;
ame results that the greenstones and

porphyries have effected at Loch Tay. It is thus probable also taut

very many valleys have received their forms from similar agencies. It

is a remarkable fact, that the highest points of the Highlands, like

Ben Lawcrs, Bon More, Ben Nevis, Ben Lomond, Ben Conachan, and
many others of less height, have at their feet the deepest valleys,

which have become, lakes.

ArdtaUtiuiiiif.—At Ardtallanaig, only a mile distant from the

ahovc-mentioni'd mines, similar geological features reappear; and

the mica-schist has been repeatedly intersected by igneous rocks,

thereby rending asunder a vein or veins, and intermixing the frag-

ments from different masses, so that the constituent members have
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been thrown into perfect confusion. Hence the veins throughout

have a fragmentary character; and the portions remaining give

proof that they originally contained, besides quartz, several kinds of

the common spars (particularly heavy-spar), together with a con-

siderable admixture of galena, blende, and copper, and iron-pyrites.

Moreover .they either frequently contain porphyry and greenstone,

or these rocks have intruded as disturbers of the veins. Mining-
operations in such broken strata are very precarious.

CorrebuicMU.—In a southern direction, ascending from the Tomna-
dasban Mines, and at a distance of about three miles, the mica-schist

at Correbuichill is overlain by a horizontal calcareous stratum. In

this rock two systems of veins have been discovered, chiefly by means
of surface-trenches. The one system, consisting of three veins

which run nearly east and west, is of small importance, on account

of their barrenness. But the other is the more interesting system.

In a straight line of about 200 yards, eighteen such veins have been

met with ; and it is more than probable that a far greater number
remain undiscovered under the shallow turf. These veins have

almost a mathematical parallelism, and run as nearly as possible due

north and south, in nearly a vertical position. Their width varies

from 4 inches to 3 feet. The contents are chiefly quartz, with

galena very rich in silver. The veins vary as to this valuable metal,

between 85 and 600 ounces per ton of lead-ore. The elevation of

the hill may be about 2000 feet above the level of the sea, and 1600
feet above that of Loch Tay. The veins mostly crop out in fine

gossan ; and in such cases the produce of ore has been favourable for

a certain distance downwards. As far as the field has been opened

by mining, experience shows that the valuable lead-ore quickly and
considerably diminishes in sinking, so that in about 100 feet below

the outcrop the veins only consist of compact white quartz. It has

not been ascertained what is the condition of the veins at the depth

where the limestone rests upon the mica-schist. In the upper parts

of the veins the galena not unfrequently envelopes the crystals of

quartz completely, thereby indicating that the galena and quartz are

not contemporaneous members. Copper-pyrites is rare, and still

more so are blende and iron-pyrites ; hence the lead-ore is of a very

pure and rich character. In one part of the hill a large deposit of

dolomite, in the form of a vein, has been met with, accompanying

one of the veins. Twice in the course of mining operations (which

some years since were suspended) the interesting and casual dis-

covery of native gold was made when the ore was being crushed

under the hammer. The veins have been repeatedly dislocated, both

in the horizontal and in the vertical projections. In consequence of

this, the veins sometimes approach quite close to each other, and it

becomes difficult to discover in the network of veins the identity of

each individual vein. The dislocations have been effected by the

sliding and uplifting of the strata, which, in the absence of other

apparent causes, and as the veins and strata have both been dislo-

cated together, may.be ascribed to the disturbances at Tomnadashan,

in the neighbourhood. Though mining-operations in such elevated
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localities become very incommodious, this mineral field abounds with
interesting matter.

Taymouth.—The most eastern hills on Loch Tay, in the neigh-
bourhood of Taymouth, literally swarm with veins containing copper-
pyrites, iron-pyrites, and galena, either singly or together ; and the
lead-ore has always a tolerable admixture of silver. A common
characteristic of all the veins is, that they are almost exclusively

quartzose.

Iron-ore of Glenqueich.—Six miles south of Taymouth, at Glen-
qucich, a large deposit of decomposed iron-ore has been found. The
whole arrangement of the slope of the hill shows that the mica-
schist has been impregnated with numberless crystals of iron-py-
rites, which by paragenesis became transformed, along with the still

quite distinct strata of the original rock, into a homogeneous mass,
having the nearest resemblance to haematite.

Gorycharmaig : Serpentine, Sfc.—Four miles west from the upper
end of Loch Tay, at Coryeharmaig, the mica-schist contains serpen-

tine, passing in some parts into syenite. As is almost always the

case where serpentine appears, it contains chromate of iron. The
distant situation of this ore-deposit, which covers about half a square

mile, the uncertain prices given for the ore, and the expensive land-

carriage have prevented the exploration of that otherwise valuable

mineral-field.

In the same vicinity the mica in the mica-schist is more often

than usual replaced by graphite, of which beds of tolerable dimen-
sions have been discovered. Furthermore, in the same neighbour-

hood rutile has been found, enveloped in quartz, and in the shape of

thin plates or of fine long needles.

Further west from the serpentino, several veins of a quartzy

structure have been found ; but they are all of small importance for

mining-purposes, being only of value as enabling us to observe the

great number of fissures existing in almost every place where the

rock allows of inspection.

Loch Earn Head.—At Loch Earn Head several galena-veins, of

inferior importance, have been discovered in a stratum of calcareous

Bchist. Their outcrop is overlain by gossan, in which particles of

native gold appear to have been found. Certain it is that arsenical

pyrites, which was at one time met with as an accessory mineral,

contained six ounces of gold per ton. As it has been observed above

that proofs of the presence of igneous rock accompany a loch, so here

also, though few and scattered fragments only have hern found.

Qleu FiiUich. -At the head of (den Fallich, near Crianlarieh, a

galena-vein, of about 'A feet in width, and striking from X.N.K. to

S.S.W., has been discovered. The vein is in all respects of the same

structure as the other veins, to ho described presently.

Tifn/Inim.—The two veins intersecting the mica-schist at Tyn-
drum, at the head of (Jhn Dochart, are of importance. The first of

these veins runs through a stratum of granular quartz; and the other

lies close to the junction of this quartzose mica-schist and the true

mica-schist. While the forma- follows a north-north-eastern and

vol. xvr. PART I. 2 I
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south-south-western direction, the latter approaches nearer to a

north-east and south-west line. In consequence, both veins should

unite into one,—as has actually been observed, though without in-

crease of the ores. Furthermore, while the first vein dips in its

higher parts towards the north-west, but soon changes to the

opposite direction at a very acute angle, and later with the constant

angle of 68°, the second vein steadily and regularly dips to the

south-west at an angle of 75°. In consequence of their respective

dips, both veins meet below. Therefore, and on account of their

respective bearing and dip, their junction is effected in a gently

sloping line ascending from north-east to south-west. Underneath

this line the lead-ore evidently is on the decrease ; and the mines

therefore are only explored in the higher parts.

In reference to the geological age of both veins, the first is the

older, and the second the later formation. The first vein above the

Hue of junction is intersected and slightly dislocated by two cross-

courses, which terminate distinctly at the most regular westerly

wall of the second vein. Underneath the line of junction, both

veins, being closely linked together, are traversed and considerably

dislocated by the third cross-course. By means of these facts, five

geological periods became discernible, viz. :

—

a. The formation of the first vein.

b. Its intersection by the first cross-course.

c. Its intersection by the second cross-course.

d. The formation of the second vein ; and
e. The intersection of the united veins by the third cross-course.

It is self-evident that such powerful and repeated changes, ex-

tending over only about 600 square yards, or about 1-500th of a

square mile, lead to the conclusion of powerful agencies having been

at work, thereby seriously affecting the surrounding rock-formation.

And such evidence, if transferred, by way of analogy, to the many
unexplored square miles, offers sufficient material for geological cal-

culations, particularly relative to the formation of valleys of eleva-

tion, and the peculiar features of the Highlands in general.

Besides the above-mentioned cross-courses, there exists at Tyn-
drum a cross lead-ore vein, combining the first vein with the second

one, from east to west. The respective widths of these three veins

are from 2 to 3-1- feet, from 4 to 18 feet, and from 11 to 2± feet.

The first vein contains solid galena ; the second one has fine-grained

lead-ore and silicate of lead ; the third vein contains both varieties.

The first vein is the most mineralized, containing mainly solid

quartz, several of the common spars, copper-pyrites, and blende,

seldom cobalt-ore, titanic iron-ore, and iron-pyrites. The second

vein contains many fragments of soft mica-schist, intermixed with

frangible quartz, copper-pyrites, and blende. The third vein par-

ticipates in the nature of both the others.

The vein first named is characterized by its extent ; for it may be

traced through valleys and over hills for a distance of more than

eight miles.

The mines of Tyndrum have, with intervals, been worked at
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different times; and records tell that they have been extensively

worked for more than a hundred years. As an evidence thereof,

it may be mentioned that a sinking on the main vein had been cut

out, measiiring 350 feet in length and 72 feet in depth, thus form-
ing an underground lake which was tapped only some months ago,

whereby the richer part of the ore-field became accessible.

About half a mile from those veins a powerful quartz-vein, of

nearly the same bearings, attracts attention. It stands out like a

parapet, running for a great distance over declivities and eminences

;

and it has produced great changes in the adjacent strata. It may
be observed that its influence has towards the east been veiy sud-
denly and distinctly stopped at the fissure of the second vein ; but it

is more difficult to define that influence in the western direction,

where the alteration of the rock appears to die gradually away.
The stratum at this place consists chiefly of granular quartz, inter-

mixed with much felspar, and with minute scales of mica, together

with small specks of iron-pyrites. The strata on the east and west
walls of the quartz-vein have been altered from a horizontal posi-

tion to considerable though variable inclinations with various con-
tortions. Its width is often more than 4 feet, in which case the

quartz is quite compact and pure. When the vein is smaller, a

tendency towards crystallization begins, and at the same time traces

of lead-ore appear. Not only at the very top of the hill, where the

quartz-vein intersects the rock, but also at its foot in the valley of

Glenlochy, hollows filled with water have been formed, almost as if

to verify beyond doubt the theory of elevation and sinking. The
former lake is situated at an elevation of about 1500 feet, and the

latter, Lochnabuie, at about 800 feet above the sea-level. Tbis

quartz-vein, though here and there not outcropping, is traceable for

about ten miles.

Southern Sloj>e of Glenlochy.—At the opposite (the southern)

slope of the valley of Glenlochy many more such quartz-veins, of

similar structure and producing similar appearances, intersect the

east-and-westerly course of the mountain-ridge. Among them, one

is distinguished by being loaded with more minerals than the rest ;

so that it forms almost a middle member between the two perfect

lead-ore veins and the barren quartz-veins.

Ignom* /iV/x at T'ifmlmm.—In the neighbourhood of the district

under consideration only a few traces of intersecting rocks have

been found. These traces relate to syenite and greenstone. Close

to the bridge of the village near Tyndrum a trap-vein intersects the

mica-schist; its width is 40 feet. It may be mentioned thai iron-

pyrites is of the most frequent occurrence in all parts of the district.

Conchision.—The foregoing remarks on this mountainous conn try

afford proofs that a great variety of minerals, mostly as regular

formations, may be found,—and that, too, in nearly all parts which

have been or could be examined. Hy far the most discoveries have

been made by the Marquess of Ihoadalhanc, who. by his attachment

to geological researches and to the exploration of useful minerals,

became the discoverer of the silver- and copper-mines at Loch Tav.

2 i 2



428 PBOCEEDINGS OF THE GEOLOGICAL SOCIETY. [Mar. 28,

It is remarkable that the Highlands of Scotland, taken as a whole,

have afforded so few opportunities for mining operations. Is it that

the rocks, having been so often disturbed, have not allowed the quiet

settling down of larger mineral deposits ? or have the mineral de-

posits been broken up and scattered about by those more or less

evident eruptions ? If such be the main causes, then a fair com-
parison may be drawn between these highlands and others on the

Continent,—namely, Switzerland, where, as here, a great variety of

minerals is found, but seldom in such abundance as to invite mining-
undertakings.

Finally, in this communication I have studiously avoided any
reference to the details published about eighteen years ago by
the Highland Society. What I have here stated confirms in their

essential parts former observations. The additional facts brought
to light since that time, and some alterations in the conclusions

arrived at, help us partly to generalize, and partly to illustrate in

detail the views formerly published.

Mahce 28, 1860.

The Duke of Marlborough, and W. P. Jervis, Esq., Northwick
Terrace, Maida Hill, were elected Fellows.

The following communications were read :

—

1. Notes about Spitzbekgen in 1859.

By James Lamont, Esq., F.G.S.

[With Appendix.]

Having passed upwards of two months last summer (1859) on the

coast of Spitzbergen, and amongst the great fields of floating ice in

the surrounding seas, I beg to offer the few following observations.

I left Leith on the 6th of June ; reached Hammerfest on the 23rd,

left Hammerfest on the 26th, and arrived at Spitzbergerj on the 2nd
of July.

We found a large quantity of heavy drift-ice off the south-eastern

end of Spitzbergen and amongst the " Thousand Islands." At the

mouth of Stour Fiord (" Wybe Jan's Water" of the charts) we met
two small sealing-vessels, the masters of which told us that the

north coast was unapproachable this summer, on account of the ice

being jammed against the north-western corner of the island, about

Hakluyt's Headland ; and we therefore proceeded to coast around the

edges of the ice towards the east side of the country.

On the 8th, during a dense fog, we passed the last of the Thousand
Islands, and lay-to off the S.E. corner of Edge's Land. The coast

from here to Ryke Tse Islands is frightfully barren and desolate,

and the mountains are quite destitute of vegetation ; these moun-
tains are limestone, and descend abruptly into the sea without the
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intervening flat muddy plain so usual in other parts of Spitzbergen*.
There are three glaciers on this part of the coast, all protruding into
the sea. The two southernmost ones are ofno great size ; but the third
is one of the largest and most remarkable glaciers in Spitzbergen,
or, I should think, in any part of the world. It has a frontage towards
the sea of upwards of thirty English miles, and protrudes into it in
three great semicircular divisions ; its protrusion beyond the coast-
line seems to be about three or four miles. At the inland side it seems
to blend into the sky, and is (like nearly all the Spitzbergen glaciers)

connected with one vast interior glacier, which I imagine to occupy
about nine-tenths of the surface of the country.

The middle division of this great glacier (of which I annex a
rough sketch) seems to have undergone, and to be still undergoing,

Fig. 1.

—

Seaward edge of the Great Glacier (about thirty miles wide)
on the South-Eastern Coast of Spitzbergen.

some great disturbance,—probably from rocks or some inequalities

underneath it, as for seven or eight miles of its frontage it is in-

describably rough and jagged, so that at a little distance, and espe-

cially when it is seen dimly through the fog, it resembles more than
anything a forest of pine-trees covered with snow. It has, of course,

no visible terminal " moraine ; " but an extensive submarine bank,

extending for about fifteen miles to seaward and along the whole
length of its face, may possibly have some connexion with the

glacier : the soundings on it seem to average about fifteen fathoms,

with a muddy bottom. This bank seems to afford good feeding for

the Walruses, as it is well known amongst the hunters as one of the

best places fur these animals around Spitzbergen ; we saw immense
numbers (on one occasion a herd of about 4UU) on the floating ice

over this bank.

We lived for about a month within sight of this huge glacier, and

had ample opportunities of observing it in all weathers, as wo fre-

quently rowed close along its face in the beats. Its seaward face

presents an inaccessible precipice of ice along its entire length.

These ice-cliffs vary from 20 to 100 feet high; and it is very dan-

gerous to row too near them, as pieces, from the size of a church

downwards, are continually being precipitated into the sea : many
of the larger fragments ground in tins shallow sea.

The rough central division of this glacier continually (and more

especially in bright sunny days) emitted a series of loud roaring

* Quart. .Toiirn. Gcol. Soc. vol. xvi. p. 151.
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explosions, exactly resembling loud and prolonged thunder. These

tremendous sounds appeared to be caused by the smooth parts of the

glacier falling in at the edges towards the disrupted part, as nu-
merous vast cracks and fissures existed all along the edges of the

smooth parts towards where they joined the rough parts. The ice

which became detached from the rough part of this glacier appeared

to have undergone enormous twisting and squeezing, and I could not

previously have believed ice to be a substance of sufficient viscosity to

sustain such rough pressure without being crushed into powder.

Much of the ice which floated away from the cliffs of all these

glaciers was heavily charged with clay and stones, imbedded into it

;

and the sea for miles around is sometimes discoloured from the

quantity of mud which is washed off this floating land-ice by the

waves.

This part of the coast is more subject to fog than the west side.

This is probably generated by the cold caused by the proximity of

this glacier and the quantities of floating ice detached from it.

A very powerful current from the N.E. runs down this coast. It

seems never less than three miles an hour ; and I have found it as

much as six or seven, judging from the impossibility of making head

against it in a six-oared boat. As of course ice and boat alike go

with the current, one is apt not to discover it until you approach

the land or a grounded iceberg. Towards the end of August this

north-easterly current became perceptibly very much stronger.

About the end of July we ran southwards into Deeva Bay to ob-

tain shelter from a gale of N.E. wind ; we anchored behind Black

Point, a promontory which divides Deeva Bay from the sea to the

eastwards. This promontory is formed by a flat-topped mountain of

about 1200 feet in height; it consists of mud-coloured limestone*

and sandstone*, with veins of black stuff resembling coal*. These

rocks are stratified with singular horizontality, and the layers or

strata are very minute and numerous
;
only in two or three places

have I observed slight bends or deflections from the horizontal in the

stratification.

The sides of this mountain form slopes of about 45°, without a

particle of vegetation, and are closely and deeply furrowed by water-

courses from top to bottom. Enormous quantities of mud and shaly

rubbish appear to be carried down these furrowed water-courses
;

but the base of the mountain is so exposed to the E. and N.E. that

no accumulation can take place at the foot of it ; on the contrary,

it seems to be undergoing very rapid disintegration, as well from

the lashing of the winter storms and currents at its foot as from

the action of frost and avalanches above.

All the lower hills of South-east Spitzbergen seem to be of the

same formation and same configuration as the above, with the ex-

ception that inside the gulfs and fiords, where there is shelter from

storms and currents, there is generally a flat or gently sloping plain

between the hills and the sea, obviously formed by the washings and

debris of the hills. It is very curious and instructive to observe how
* Specimens sent. (See Appendix, p. 436.)
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the mountains appear to melt and crumble away like mole-hills

under the gigantic force and pressure of frost and glacier ; and I

can imagine nothing better calculated to give one an idea of the
appearance Scotland must have presented during the glacial epoch
than a visit to Spitzbergen. I have observed many appearances in

the glens of the Highlands, and particularly in Glen Turrit in Perth-
shire, which were enigmas to me at the time, but which are very
plain reading after observing the action of ice and glaciers in Spitz-

bergen.

Deeva Bay is marked in the charts as being unexplored at the

top ; but we hunted all over it in the boats. It is very shallow and
very muddy, and had five or six square miles of " fast ice" of one
winter's growth at the extreme end. We killed three Bears and
a good many Seals about this sheet of ice.

There are several extensive glaciers on both sides of the Bay.
One of these glaciers has a curious detached " moraine," something
like a breakwater, in front of it : I annex a sketch showing its posi-

tion and shape. This " moraine" is formed entirely of mud or

earth, more or less consolidated ; it extends three or four miles in

length, by 200 to 400 yards in breadth, and is 20 or 30 feet in

height. The glacier does not appear to have been in contact with

it for many years, as the earth appeared to have been long undis-

turbed, and many Mosses and Saxifrages were beginning to grow
upon it. The glacier and this "moraine'' are distant at least two
miles, and were divided by a sheet of water mostly covered by
" fast" ice. The glacier blended so insensibly into this u fast" ice,

that at first I thought the latter actually formed part of the glacier,

until with my glass I discovered some loose pieces moving about, and
several Seals lying upon it and diving into the interstices. 1 could

not form any idea quite satisfactory to my own mind as to how
this " moraine" had come to be separated so far from the glacier

which had obviously occasioned its existence by great immediate

pressure. I picked up some shells* on the "moraine."

The lower hills of South-east Spitzbergen very much resemble

the long dreary ranges of limestone hills which hem-in on both sides

the valley of the Nile from Cairo to Assouan : and tins resemblance

exists both in their colour, size, shape, inclination, aud general ap-

pearance, as well as in their almost total solitude and the absence

Fig. 2.— Glacier in Deeva Bay.

* Labelled specimens scut. (See Appendix, p. 4o7 )
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of life and vegetation. The higher range of mountains (always

perfectly inaccessible) in the interior of both the main islands is

apparently of granite—and, judging by the occasional pieces which
somehow or other find their way to the shore and islands, of red

granite.

After killing or frightening all the bears and seals to be found in

Deeva Bay, we dropped down to the Thousand Islands, and on the

first one we approached we discovered and killed a Bear occupied in

gathering and swallowing the eggs of thousands of Eider-ducks and
other birds which had their nests on the land. On this island I first

observed the phenomenon called " red snow," of which a description

is familiar to all readers of Arctic voyages. I may remark that it

seemed to me that in this case it was attributable to nothing but the

droppings of the millions of Little Auks (Alca Alle), which feed

almost entirely on shrimps, and consequently void a reddish sub-

stance.

These islands are most absurdly named " the Thousand," as there

are not in reality 100 of them : they are also put down in the charts

as if they were thickly and regularly clustered together ; whereas they

are often out of sight of one another, and twenty or thirty miles

apart. I nowhere observed more than five or six in a cluster, even

by including rocks or skerries of small size. Hope Island is also

most erroneously marked in all the charts as lying far to the south

of the Thousand Islands ; it is in reality about forty-five miles due

east from Black Point : this error is notorious to all the Norwegian
seal-hunters who frequent the coast, and I quite satisfied myself of

it by observation.

The Thousand Islands are all composed of coarse-grained green-

stone, in some places assuming the form of indistinct hexagonal
columns. These columns appear very much shaken, as if ready to

fall to pieces. The top of the columns and all the corners are much
rounded and worn, as if they were half-formed into boulders already.

This I suppose is the case, as millions of boulders, very smooth and
rounded, and formed of the same rock, lie strewn on all the islands.

The average size of the boulders is a cubic foot or so, and I saw none
bigger than about 3 feet in diameter. They are curiously packed

in some places, as if laid level, for walking on, by the hand of man;
I presume this appearance has been caused by the pressure and
grinding of icebergs when the islands lay under the sea. I was a

little surprised to find on some of these islands, amongst the native

boulders, a few very round boulders of red granite*, from a cubic

foot downwards in size. I am certain there is no granite in situ

nearer than the tops of the Spitzbergen Mountains, distant from

forty to sixty miles and bearing W. to N.N.E. There are also

occasional small water-worn boulders of limestonef,.and of a hard

reddish stone like porphyry %.

There are great quantities of drift-wood (evidently Pine of some
sort) on all these islands, as well as on the south coasts of the Spitz-

* Small specimens sent. (See Appendix, p. 436.)

t Specimens. \ Specimens. (See Appendix, p. 436.)
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bergen mainland: some of it is much worm-eaten*. The sealers

say it is floated from the rivers of Siberia, which I believe to be the

case, as there is little or no Pine-wood on the opposite coast of Nor-
wegian Lapland. I have seen some few very large trees with the
roots on ; but the wood is mostly small and a good deal broken up,

also very much bleached and water-worn. Much of it lies at least 30
feet above high-water mark. I nowhere observed any wood in situ.

On all parts of Spitzbergen and its islands which I have visited,

I have found numerous bones of Whales far inland and high above
the sea-level ; I send several specimens labelled. Some of these

were discovered and brought to me by the sailing-master of my
yacht, so that I cannot personally vouch for the accuracy of the

heights and distances marked on all of them ; but one large piece

of a jawbone (sent in October 1859) was discovered by myself at

40 feet above the sea. It was part of an entire skeleton, which lay

half-buried in moss at about half-a-mile distance from the sea in

Walter Thymen's Straits, North-east Spitzbergen. There was also

a terrace of trap-rocks higher than the moss, intervening between
the latter and the sea.

In one of the Thousand Islands I counted eleven very large jaw-
bones, along with many bones forming other parts of the Whale's
skeleton, all lying close together in a slight depression about 10 feet

above the sea-level.

On this same island I observed what I take to be a further proof

of the recent upheaval of the land ; this was a sort of furrow or

trench about 100 yards long, by 3 to 4 feet deep, and 3 or 4 feet

broad, ploughed up amongst the boulders : I presume this was caused

by an iceberg grazing along the surface while yet the island lay

under water. It was on a gentle slope about 20 feet above the sea,

and extended from N.E. to S.W.,—exactly the run of the current-

borne ice at the present day.

These islands are a favourite haunt of the Walrus
; particularly

towards the autumn, when they assemble in vast herds, and lie

heaped iip on dry land ivithout moving or feeding for weeks at a time.

On these occasions, if they are discovered by the hunters, immense
numbers are sometimes slaughtered, as their numbers impede their

escape ; and they are also said to be sometimes so lethargic as to

allow themselves to be killed almost without resistance. In 1S58 I

visited an island on which six years previously 900 walruses had

been slain in a few hours by sixteen men with lances. There wero
said to be 3000 or 4OO0 walruses on the island at the time. The
men had not been able to remove the skins and blubber of more than

300; and the 900 carcases still remain putrefying on the island.

The smell is horrible even at two miles' distance, the carcases lying

two and even three deep in places.

I frequently opened the stomachs of both Walruses and Seals,

and found the food of the Walrus to consist principally of shells,

sandworms, and shrimps ; that of the Seals, of shrimps and small

fish.

* Specimens.
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Nothing connected with the geology of Spitzbergen is more
striking than the absence of pebble-beaches. Nowhere along the

whole S., S.E., or S.W. coasts, nor amongst the Thousand Islands,

nor up the great sound called " Stour Fiord," did I anywhere observe

what can be called a pebble-beach. The coast everywhere consists

of either mud, or cliffs of ice, or rocks. In some places, indeed,

principally amongst the Thousand Islands, I have found small quan-

tities of what might be called gravel ; but it is very coarse, the

fragments being seldom less than a cubic inch* in size, and invari-

ably almost wholly composed of the same coarse trap-rock which
forms the islands. It is generally mixed with very coarse blackish

sand, evidently formed by the disintegration of the same rocks. I

send several bags of gravel labelled*, obtained both from different

points of the coast-line, and from different elevations inland. Num-
bers of shells abound, both on the shore and far inland. I send a

bag of specimensf

.

Towards the end of August, the weather got very wild amongst

the Thousand Islands,—there being perpetual gales of N.E. wind
with snow, and a tremendous current from the same direction bring-

ing down quantities of heavy ice. We then sailed up Stour Fiord to

shoot Eeindeer, about twenty or twenty-five miles to the north of

Thymeh's Straits. This Sound makes a turn abruptly due E., instead

of continuing N. as marked in the charts. I followed the shore in

a boat about fifteen miles from this angle, going E. all the way, until

at last the Sound abruptly narrowed to a sort of gut about two miles

broad. Such a very strong stream ran down this gut that we found

it impossible to row up it, and the shore was impracticable for walk-
ing ; so that I was reluctantly obliged to give up its exploration.

None of my Norwegian crew had ever been so far up before ; and
no one seems to know whether this gut communicates with the sea

to the east or not.

I am, however, very strongly of opinion myself that it does, and

that we were then within a very few miles of the East Sea—pro-

bably at Henloopen Straits. I found this opinion on the fact of

such a very strong current setting down the gut, and also because,

although the day was unusually bright and clear, we could see no

land in that direction higher than the rocks we stood on—20 or 30
feet. These rocks were all low, flattish, and very rugged hills of

coarse reddish trap (or porphyry ?), and were very much smoothed

on the tops, as if by quantities of ice having travelled over them in

by-gone times. Numerous small glaciers lay here and there amongst

them ; and the whole country to the E. and N.E. looked gloomy,

sterile, and desolate to the last degree.

There are some beautiful mossy flats and valleys on the east side

of Stour Fiord, abounding with Reindeer. From their excessive

tameness, some of these deer appeared never to have seen a human
being, nor anything that could hurt them, in their lives.

In the upper part of this Sound, I observed two very remarkable

mountains : one was a long hill of about 1500 feet high, and seem-
* Specimens. t Specimens. (See Appendix, p. 438.)
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ingly composed of the same grey, shaly, sandy limestone as almost
all the lower hills of East Spitzbergen ; but it had a perfectly flat top,

and the upper stratum, as well as another band about halt-way up,

seemed to consist of coal or some other black substance. This moun-
tain was a long way off ; but I think these black bands were each 20
or 30 feet thick ; and they seemed to be of harder substance than the

rest of the mountain, as the edges of both of them stood up perpen-
dicularly instead of participating in the 45° slope of the mountain.
At one side, where the mountain turned inland, I could perceive

that the lower of these two black bands thinned away gradually to

nothing.

Of the other hill, I can hardly hope to give a description which
will convey an idea of its singularly grand and picturesque appear-

ance. It was a small hill, apparently not more than three or four

miles in circumference at the base, and about 600 or 700 feet high.

The lower two-thirds of its height consisted of a steep talus of

debris, thickly covered with a carpeting of brilliant mosses of every

imaginable tint. The upper third of the hill was composed of

bright-red or russet-coloiu-ed rocks, arranged in rough perpendicular

columns, looking exactly like a number of enormous half-decayed

trunks of trees standing on end in a huge faggot or bundle. The
detritus of this hill seemed to afford very rich pasture for the Rein-
deer : I shot nine around the foot of it.

The last parts of Spitzbergen which I visited were Bell Sound
and Ice Fiord, on the west coast. These are both fine, large, well-

sheltcred harbours, surrounded by high mountains, and are the first

and the last bays which are clear of drift-ice. "We remained in Ice

Fiord until the 4th September, when the weather was still very

much milder than we had found it on the E. and S. coasts in July

and August.

The hills around these bays are limestone, but not nearly so com-
pact and plainly stratified as in Eastern Spitzbergen. They are ex-

traordinarily full of fossils ; in some places it appears as if the hills

were actually composed of fossils*. Quantities of recent shells t also

lie about the watercourses and muddy flats. The rocks herb appear

to be crumbling away very fast. In Bell Sound I obtained a piece

of siliceous limestone f which was sticking out of the face of a lime-

stone cliff like a sign-post, about 2 feet long.

In Ice Fiord I observed three well-defined ancient beaches, rising

one above the other, at intervals of about 2<> feet.

In the bed of a torrent in the same bay I found some round

stones exactly resembling rusty cannon-shot of different sizcsj.

I met a small vessel which in July touched at the land to the

N.E. of Spitzbergen, marked in the charts as Gillies Land ; but I

could obtain no information from them respecting it. except that " it

was very like Spitzbergen, and contained no Walruses nor Kein-

deer."

* Sir Mr. Suitor's Appendix. t Many specimens sent.

Sent. (Sec Appendix, p. 430.)
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APPENDIX.

Specimens sent by Mr. Lamont, only generally noticed by Mm in the

above communication.

Black Point.—Greyish, fine-grained, laminated sandstone, some-
times micaceous.

. Brownish, fine-grained, micaceous, shaly sandstone, weather-
ing white.

. Pebbles of hard coal.

. Brownish-grey limestone, with Nucula, Aviculopecten, and
Spirifer.

. Grey limestone with calcareous veins. With a trace of a

Calamite ?

. Fossil wood, with attached coaly matter.

Thousand Islands.—More or less rounded fragments of

—

Compact red syenitic rock.

Grey compact siliceous limestone with Corals, Aviculopecten,

Streptorhynchus, &c.

Brownish argillaceous rock.

Yellowish fossiliferous siliceous limestone.

White fossiliferous limestone.

Black flint with chalcedonic vein.

White flint or chert.

Purplish semitransparent quartz-rock.

Greenstone.

Thin-bedded, grey, compact, siliceo-argillaceous rock, with a large

Aviculopecten.

Hard compact sandstone.

Bed, highly siliceous limestone.

Greenstone, coarse-grained, with weathered face.

Byke Yse Islands.—Rounded fragments of grey compact limestone

with Fenestellce and Corals.

Ice Sound.—Fine-grained, compact, dark-grey sandstone, weather-

ing ferruginous.

. Ferruginous nodules (exfoliating) of the size of cannon-balls.

Island, Bell Sound.—Weathered fragment of argillo-siliceous dark-

grey rock, with Fenestella and Corals.

. Hard reddish ferruginous rock with pebbles of Lydian stone.

. Fossils, from 200 feet above the sea, and 350 yards inland.

(See Mr. Salter's Appendix.)

. Brownish-grey, micaceous, compact, fine-grained sandstone

pebbles, with trace of the cast of an Aviculopecten ?

Bell Sound.—Fossils, from 400 feet above the sea-level. (See Mr.

Salter's Appendix.)

Moraine in Deeva Bay.—Brown claystone, weathering reddish-

purple.
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Without Localities.—
Ferruginous nodule, small.

Hard ferruginous sandstone with small ferruginous nodule.

Siliceous conglomerate.

Boulder of conglomerate, or coarse pebbly grit
;
pebbles of white

and dark-grey quartz and Lydian stone, cement calcareous.

"White quartz-rock.

Stem-like piece of brownish fine-grained sandstone (? cast of a
ripple-mark).

Light-grey friable sandstone.

Dark-grey mudstone (calcareo-argillaceous) with impression of

shell.

"Water-worn fragment of tortuously laminated calcareous slate.

Pebble of grey argillaceous limestone with calc-spar vein.

Bouldered piece of grey siliceous limestone with Productus and
Corals.

Grey siliceous limestone with Orthis and Productus, with wea-
thered surface.

White crystalline limestone with Spirifer cristatus and Corals,

having a weathered surface.

White siliceous limestone with Corals, Encrinites, and Shells.

Black siliceous limestone with calcareous veins.

Weathered fragment of white Encrinital chert with Corals,

Bryozoa ?, and Productus.

Black flint with whitish mottlings, splinters.

Bed siliceous limestone with a rounded, weathered surface. Pro-

bably from the Thousand Islands.

(Islands to the South-east ?) Weathered fragment of white lime-

stone with Productus, Spirifer alatus, and a large foliaceous Coral

(JStenqpora).

Recent Shells (determined by S. P. Woodwakd, Esq., F.G.S.).

1. From the Thousand Isles.

Buccinum undatum, var. (cyaneum ? ?).

2. From Bell Sound, at about high-water mark.

FUSUS despectus, L., var. (= F. borealis, Philippi).

Biurian in (jhtciale, L. (= B. ani/ulosum= B. polar?. Beck).

Maryarittt unduluta (=(Jrn nlumlica) inside a Buccinum.

Buccinum scalariforme ?

Balanus crenatus, var. Scoticus, probably.

Fusus Kroeyeri, Muller.

Cardium [shiwUcum (=ciliatum).

Cardium Greenlandicum (broken).

(very fine).

Sa.vicava arctica.

Mya Uddevallcnsis (inmcata, var.).

Astarte borealis, Chemn., var. (=semisu.lc(ita, Leaoh ; >=laetMt
Brock'rip).
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Mya truncata, var. Uddevallensis.

Pecten Islandicus.

Nullipore, with Saxicava.

3. From Bell Sound, at about 11 to 2 miles inland and 400 or 500
feet above the sea-level.

Buccinum glaciale (1| to 2 miles inland, 400 and 500 feet high).

4. Prom the Moraine of a glacier in Deeva Bay.

Astarte borealis (var. semisulcata).

compressa, Mont., var. striata.

Mya truncata, var. Uddevallensis.

Specimens of Bones obtained by Mr. Lamont in Spitzbeegen.

1. Fragment of vertebra of Whale, rotten. Bell Sound. Half
a mile from the sea. 100 feet above the sea.

2. Fragment of bone. Half a mile from the sea at Bell Sound.

100 feet above the sea.

3. Cranium of a small Delphinopterus leucas ("White Whale or

Beluga). Bell Sound. 300 yards from the sea. 80 feet above

the sea.

4. Anterior rib of a Whale. Bell Sound. 500 yards from the

sea. 80 feet high.

5. Small lumbar vertebra of Beluga (?) Bell Sound. Nearly

buried at 70 feet above high-tide mark.

6. Fragment of bone of Whale. Bell Sound. Buried in bank
50 feet above the sea.

7. Half of a caudal vertebra of Whale. Balama mysticetus (?)

Bell Sound. A little above high-water mark.

8. Caudal vertebra of Whale. Found among the boulders at

high-water mark. Coloured ferruginous.

9. Small cervical vertebra of Beluga ?

10. Tibia and fibula of hind left leg of a Walrus.

11. Large caudal vertebra of Whale.

12. Part of lower jaw of Whale. Walter Thymen's Straits. Half

a mile from the sea, and 40 feet above sea-level.

Description of the Gravels from Spitzbeegen collected by Mr. La-
mont. By J. Peestwich, Esq., F.G.S.

1. Gravel from Bell Sound, 60 feet above high-water mark.

Grey gravel of small subangular fragments of dark-grey argillaceous

and quartzose slaty rocks, some portions calcareous, and a few frag-

ments of grey sandstone, mixed with a small proportion of earth.

None of the fragments are above two ounces in weight, the bulk

being of small size (seventy to the ounce). Amongst these suban-

gular fragments there are, however, a few small round pebbles of a

dark-grey limestone, and a few perfectly angular fragments of slate.

There, are no shells, nor any characters on any of the fragments in

the gravel to indicate a beach-origin. The mass, in fact, looks much
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more like the smaller fragments of a moraine. None of the fragments,

however, are scratched or striated.

2. Gravel from Bell Sound, 20 feet above high-water. Dark-
coloured grit, clean and uniform in texture, consisting of small

subangular fragments of a black hornblende-slate (like that of No. 4)
about the size of cress-seed, with a very few flattish pebbles of the

size of peas, and still fewer rounded pebbles of the size of marbles.

There are no fragments of shells.

3. Gravel from an island in Bell Sound, a little above high-water.

Small greyish-green gravel of flat angular fragments of greenish

mica-slate, with a few pieces of quartz. None of the fragments are

an ounce in weight. The bulk consists of pieces of about thirty to

the ounce. No matrix of any sort. No fragments of shells. This
gravel has the appearance of rock-debris in situ.

4. Gravel from Bell Sound, half-way between high- and low-water.
Ordinary clean and well-worn small beach-shingle, the smaller

fragments being more or less subangular, and the larger ones more
or less rounded: no fragments above three-quarters of an ounce
in weight ; and the bulk 117 to the ounce. It is composed mostly

of compact black hornblende-slate (like that of No. 2), compact grey
sandstone, and some grey limestone and a very little quartz. There
are no shells, nor scratched pebbles. It is much like the shingle of

parts of our own coast.

5. Gravel from Bell Sound, low-water anchorage. Subangular
small fragments of micaceous slates, with a few flat angular frag-

ments of limestone. Not one well-rounded pebble ; few even of the

fragments are much worn. There are no shells. This looks much
like the small debris in an old slate-quarry.

Note on the Fossils from Spitzbergen.

By J. W. Salter, Esq., F.G.S.

The specimens of fossils brought by Mr. Lamont are chiefly from
three localities, viz. :

—

1. Bell Sound (at 400 feet above the sea-level), western side of

the island

;

2. Island in Bell Sound (at 200 feet above the sea, and 350 yards

from the shore) ; and

3. Black Point, m ar the S.E. angle of Spitsbergen, close to which
are the Thousand Isles.

From Bell Sound only a few species were collected ; and these are

the same as those from the small island in the same Sound. One is

a large Productus, which I cannot identify completely with any Bri-

tish species. It may be a large variety of one of our common shells,

P. semireticulatus, or even a form of P. costatus. In any case it is

of a Carboniferous type.

The specimens from the island in Bell Sound are much more
numerous : and in a grey limestone we have

—

1. Athyris or Sjn'rifer, a large smooth specie-;, nearly 'A inches
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across, without any definite hinge-line, and with very strong ventral

muscular impressions. The shell is much depressed.

2. Productus costatus, Sowerhy, very large, and deeply hilohed.

—

Abundant.
3. Productus, the large striate species above mentioned.

4. P. Humboldtii, D'Orbigny, two or three specimens.

5. P. mammatus, Keyserling ?, or an allied species, without large

scattered spines. This species occurs in Arctic America, having

been brought by Capt. Belcher from the point opposite Exmouth
Island. It is the P. Leplayii of De Koninck's paper on the Fossils

from Spitzbergen, but not, I think, of De Yerneuil, who described

that species in ' Eussia in Europe.'

Von Buch quotes the Productus giganteus from the South Cape

and from Bell Sound ; this is not noticed at all in Prof. Koninck's

list (1849, op. cit. p. 633).

6. Camarophoria, a large species, not unlike in shape to the

Bhynchonella acuminata of the Carboniferous limestone, but ribbed

throughout.

7. Spirifer Keilhavii, Von Buch. Several specimens. This, more

than any other shell, tends to connect the Spitzbergen formation

with surrounding districts. Sp. Keilhavii was described in the

Berlin Trans, for May 1846. The specimens were brought home by
Keilhau, from the rocks of Bear Island in 74° 30' N. lat., half-way

between Norway and Spitzbergen. In the same paper Von Buch
notices that the locality of Bell Sound had been visited by French

naturalists (M. Bobert and the Scientific Commission which explored

these seas in 1839), and that the same Producti and Spirifer (S.

Keilhavii) were found there which occurred at Bear Island. And,
inasmuch as the Producti are the common British species P. giganteus

and P. Cora, there can be no doubt whatever of the formation to

which Spirifer Keilhavii belongs. Count Keyserling described a

variety of it from Petschora Land, under another name ; and in the

Appendix to Belcher's ' Last of the Arctic Voyages ' I have figured

and described this shell from the Carboniferous rocks of North

Albert Land—Captain Belcher's furthest point. Numerous Producti

occurred with it, two of which, if not more, are identical with the

Spitzbergen species. I notice this more particularly, because in two
communications to the Royal Academy of Brussels (Bulletin, vols. xiii.

and xvi.) Prof, de Koninck has described the Bell Sound fossils as

Permian, and not Carboniferous species, and has given figures of

several of them. In a short resume of the Arctic Geology read by
myself to the British Association, 1855, I have used this fact as

illustrative of the regularity of the Great Arctic basin of palseozoic

rocks (Trans. Sect. p. 211).

One species only which appears to me of Permian date occurs in

a loose block (without definite locality) and will be presently noticed.

It would be somewhat remarkable if all the specimens brought home
by M. Bobert should prove to be Permian, while those from the same

locality before us are mostly of Carboniferous type. The larger and

more conspicuous shells do not seem to have been met with by
M. Robert in his voyage.
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8. Fenestella, two species, one with very large meshes.
9. Sponges (?) ; large, stem-like and cake-like in shape.

Specimens without definite localities :

—

10. Spirifer cristatus, Schloth. 8. octoplicatus of the Mountain-
limestone is now regarded as the same species.

11. Streptorhynchus crenistria, or an allied form.

12. Zaphrentis Ouibos, Salter ('?). Probably an Arctic species.

13. Stenopora ; a large branched species, like 8. Tasmaaiemis of

Lonsdale. This occurs at Bell Sound also.

14. Syringopora, large fragments.

15. A new genus, in all probability of the Fenestellidce, consisting

of thick stems branching regularly from opposite sides, the smaller

branches also opposite, and coalescing with their neighbours so as to

form a quadrangular network. But for this coalescence, it might be

a gigantic Thamniscus or Ichthyorhachis. As the poriferous face is

not seen, it is better not to give a new generic name.

From Black Point, in shaly beds, which seem to be associated with
the coal, slabs were obtained with numerous shells and some frag-

ments of plants.

16. Nucula, abundant ; and amongst these is a small

17. Aviculopecten, and a Spirifer with broad ribs.

18. Aviculopecten. A large species (looking like the A. papyraceus

of our own coal-shales magnified), found in the gravel among the

Thousand Isles ; it probably came from these beds.

A weathered block of white limestone, probably from the islands

on the south-eastern side of Spitsbergen*, contains the only truly

Permian species which I have seen among these specimens, viz.,

—

19. Spirifer alatus, Schloth., a common fossil of the Zechstein.

20. Productus, a small species. (P. horridus of De Koninck's list,

but apparently too deeply lobed.)

21. Stenopora, a large foliaceous flattened species.

Spirifer octoplicatus (cristatus), above mentioned, also occurs in

similar whitish limestone. These may possibly have all come from

the locality whence M. Robert's original specimens were found ; but

it would appear that they are not by any means the prevailing fossils

of the island.

The general aspect of the fossils collected by Mr. Lamont is un-

questionably Carboniferous ; and some of the species have a wide

diffusion. Productus custutus ranges from India to the Mississippi,

and P. semireticulatus (which I think is only a variety of the same

species) has even a wider rangef. P. Uumboldtii is found in Russia

• With regard to this specimen, the author, in reply to an inquiry on the sub-

ject) states—" The loose block of white limestone to which you refer as 1 having a

Permian aspect' was, if T mistake not, picked upon one of the islands to the S.K.

of Edge's Land. It is unlike any rock I saw in sifit; and, a- it is evidently a

travelled block, I think it not improbable that il docs not belong to Spit/ber^e i

at all, but may have been transported by the drift-ice from C'onim mder Oillies's

Land or some other unknown country to the north-east."—April 21, I860.

t To Australia (M'Coy).

VOL. XVI. PART I. 2 K
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and South America. Our P. mammatus ? is probably distinct from

the Eussian species, but it is at all events tbe same as one in Captain

Belcher's collection*.

The size of the fossils, both of the Shells and Bryozoa, is remark-

able, and, taken in conjunction with the presence of large land-plants

in the coal, would seem to indicate a great decrease of temperature

in the Arctic region since the Carboniferous period. The shells are

larger, too, than the corresponding species in our own mountain-

limestone.

Notes on the Sock-specimens from Spitzbeegen, collected by Capt.

Pabby and Lieut. Fostee. By L. Hobneb, Esq., Pees. G.S., &c.

Captain Edward Parry, in his voyage to the North Pole, visited

the coasts of Spitzbergen in the summer of 1827 ; and in January

1828 this Society received from him, and from. Lieutenant Foster

who accompanied him, a collection of specimens of rocks, which
they had collected there ; but no description of the specimens exists,

either in the ' Transactions ' or in the c Proceedings' of the Society,

nor can any manuscript description of them be found among the

archives of the Society. It has therefore been thought advisable to

take advantage of the opportunity afforded by Mr. Lamont's com-
munication, to give an account of the specimens in the possession

of the Society presented by the above-named officers, prefacing those

descriptions by a few extracts from the geological observations con-

tained in Captain Parry's ' Narrative f.'

The < Hecla,' surveying ship, first reached the north-western coast

of Spitzbergen, and then, stretching eastward, along the low point

of Verlegen Hoek, they made sail to the N.N.E. towards the Seven
Islands, passing Low Island. They found tbe whole of the coast,

from Low Island to Black Point, and apparently as far as "Walden

Island, inaccessible by reason of one continuous and heavy ice-floe,

everywhere attached to the shores. Sounding in lat. 80° 16' 40",

five leagues north of Yerlegen Hoek, they found the bottom at 90
fathoms.

On the 14th of June they reached lat. 81e 5' 32", long. 19° 34' E.,

Little Table Island bearing S. six or seven leagues ; and here they

found the depth of water 97 fathoms, with a bottom of greenish

mud. Little Table Island is described as a craggy rock, rising from
400 to 500 feet above the sea-level, having a low islet at its northern

end,—both together occupying an extent of about a third of a square

mile. They landed on the islet, naming it after Lieutenant Boss of

the ' Hecla ' (the present Sir James Boss), and found it to rise about

100 feet above the sea-level, and to consist of gneiss, having im-
bedded garnets in some parts.

Specimen from Ross Islet.

1. Grey foliated orthoclase-granite, with a gneissic tendency.

* It is closely and finely striate, and has spines along the hinge-line only,

t Narrative of an Attempt to reach the North Pole in the year 1827.
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The)' next landed on Walden Island, on the south-eastern or

lowest part, and found it composed of coarse-grained red and grey
granite with much mica. They ascended to a height of from 200
to 300 feet, and found the same granite. On the face of the rock
they observed veins of a finer grey granite, from 12 to 20 inches

wide, bordered by a ribbon of whitish felspar, about 3 inches wide
on each side. Large rounded masses of granite in regular horizon-

tal beds were lying at the height of 30 or 40 feet above the present
sea-level, giving the idea of their having once been washed by it.

At a distance of four miles from the shore, they found bottom at

25 fathoms.

Specimens from Walden Island.

2, 3. Grey orthoclase-granite, similar to that of Ross Islet.

4. Granite ; the orthoclase-felspar of a pale red colour, with much
silvery mica.

5. Orthoclase-porphyry.

6. Compact greenstone, or diorite.

8. Scoriaceous lava.

They landed on Low Island, and found the low beach principally

composed of rounded fragments of limestone intermixed with some
of clay-slate, and several rounded fragments of pumice* ; the beach

was also lined with drift-wood. The west point of the island is

composed of a schistose quartz-rock dipping 70° S.E. with a fine

smooth beach of small pebbles of quartz and clay-slate. Beds of

clay-slate occur farther inland, on the S.W. shore, of a blue, red,

and yellow colour, dipping in various directions.

Specimens from Loiv Island.

9, 10. White granular quartz-rock, with a bedded structure, pro-

bably a compact sandstone, without mica.

11. Granular quartz, similar to 9 and 10, but of a red colour.

12. Schistose grey limestone, with paillettes of mica.

13. Compact white dolomitic (?) limestone.

14. Compact grey limestone.

15. A purple calcareo-argillaceous sandstone.

]<). A red argillaceous sandstone, highly calcareous.

Landing on the shore opposite to the south coast of Low Island,

they found the rocks to he different from any they had yet met

with; they consisted chiefly of a black marble with white and ml
veins intersecting it. In some places there were beds of clay-slate,

of considerable extent. They found one piece of bituminous W 1-

coal, which burned with a blight flame and emitted a pleasant

odour. A great number of small rounded pieces of pumice were

also found on this part of the coast. They named the spot Marblg

Point.

Specimens from Marhh Point.

37. Grey compact limestone, with veins of calcite.

* Probably floated from the volcanic Island of Jnu Maycu to the S.W.—L. II.

2 k2
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38. Crystalline calcite, a portion of a vein.

39. Thinly laminated caleareo-argillaceous sandstone.

In Mussell Bay, ten miles south of Yerlegen Hoek, they found

mica-slate with an eastern dip generally 70°, but sometimes more.

At Red Beach, further west, they found a clay-slate of a brownish-

red colour.

Specimen from Red Beach.

36. A red argillaceous sandstone with scales of mica.

Eastward from Verlegen Hock they entered Beverley Bay.

Specimens from Beverley Bay.

18. Granite, with flesh-red orthoclase-felspar.

19. Granite, with white orthoclase-felspar.

20. Granular quartz-rock.

They then entered Waigatz Strait, and moored in an extensive

Bay, called in an old Dutch chart Treuenberg Bay, where they

wintered, on the eastern shore, at a spot to which they gave the

name of Hecla Cove. The depth of water was 13 fathoms, with a

bottom of very tenacious blue clay. On the east side of the bay,

they found beds of schistose quartz, nearly approaching to sand-

stone, and chiefly of a pale-red colour. Beds of clay-slate also occur,

of a greenish-grey and brick-red colour.

Specimens from Hecla Gove.

21. Grey fine-grained quartz-rock with laminae of silvery mica.

22. 23. Quartz-rock.

24. Granular quartz with mica.

25. White saccharoid limestone.

26. Laminated quartzose rock, interstratified with clay-slate.

27. Mica-slate with garnets.

28. Grey compact quartzose rock with a few scales of mica.

29. 30. Quartzose argillaceous slate, the laminae having a shining

surface, and exhibiting cleavage nearly at right angles to the

bedding-planes

.

31. Quartzose siliceous slate with much mica.

32, 33. Greenstone or diorite.

34. Bed and grey variegated argillaceous sandstone.

35. A crust of peroxide of iron.

A specimen (No. 7) was sent, labelled " Poster's Island, Beachey
Bay;" but no place by that name is mentioned in the ' Narrative.'

It is a crystalline rock composed of hypersthene and felspar.

On every part of the northern coast on which they landed, they

found drift-wood. Some of the trees had their roots attached, and
wore not less than 18 inches in diameter; all were of the Pine tribe.
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2. On the So-called Wealden Beds at Linkseield, and the Reptili-
ferotjs Sandstones of Elgin. By Charles Moore, Esq., F.G.S.

(Abstract.)

"When visiting the section at Linksfield, near Elgin, in the autumn
of 1859, the author recognized a similarity of appearance between
the shales and thin limestone-bands at Linksfield and those of the
Bone-bed series (at the base of the Lias) at Pylle Hill, near Bristol,

at Aust Passage and at Penarth, on the Severn, and at the Uphill

cutting on the Great Western Railway. Giving in detail the sections

at Pylle Hill, at Uphill, and at Linksfield, the author pointed out

some close lithological resemblances, and stated that he recognized

the "White Lias," the " Cotham Marble," the "Bone-bed," and the

gypseous clay-bands of the south in the quarry at Linksfield. Oyprides,

Esiherice, remains of Hybodus, Lepidotus, Acrodus, and Plesiosaurus,

Mytilus, Modiola, TJnio, Cyclas, Astarte, Ostrea, Paludina, &c, from
the Linksfield beds, were among the palseontological evidences which
the author brought forward as supporting his correlation of the beds
in question. The following are the detailed Sections.

1. Section at Pylle Hill, on the Bristol and Exeter Railway, near

Bristol.

ft. in.

Close-grained grey stone, with
Modiola ("White Lias"), the

lowest band being the " Cot-

ham Marble" or " Landscape-
stone."

Grey marl, passing into blue ... 4
Stone 8
Grey marl 6
Stone G

ft. in.

Grey marl, passing into blue ... 5
" Bone-bed," with Fish-teeth,

Modiola Hillana, Avicula,

Ostrea, &c 3
Blue marl 10
Greenish-grey stone 3
Blue marl 2
Grey stone 4
Blue marl 3

The last graduates into red sandstone and mails, which in this

cutting arc exposed to a depth of 30 feet.

2. Section at Uphill, on the Great Western Railway, near Weston-
super-Mare.

Lower Lias, about 50

(
Trias.)

"Bone-bed" 2
Indurated shale 1 3
Gritty, grey, micaceous stone ... 7

Marl, with large nodules f>

Stone 2
Marl 2
Nodular stone G
Marl 9
Tsochdar stone 3
Marl G
Stone 2

Variegated marl 2
Bubbly stone 3

ft. in.

Indurated marl 1

Blue gritty sandstone 3
Grey marl 2
Soft gritty sandstone I 2
Dark marl, passing into grey ... 1 4
Thin courso of green stono .">

Marl 1

Dull-blue tufaceous marl 1 2

Light-grey stone 4
Marl 1

Conglomerate 1£
Marl I

Grey stone, with traces of Fish-

scales G
Grey slaty marl 2 G
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ft. in.

Concretionary grey stone, with
small pebbles and probable

traces of vegetables 7
Grey and yellow marl 6
Band of carbonate of lime 0*
Indurated grey marl 10
Compact grey limestone 11

Green marl 1

Coarse green limestone 3
Green marl 1

Eed marl 7
Sandstone 2 10

Eed marl ii 1 4

Red marls, with layers of gypsum, succeed, and continue to the

base of the section.

ft. in.

Red marl and thin courses of
stone

2

Green and variegated marl 2
Eed laminated marl 6
Eed sandstone 4
Variegated marl, with concre-

tions of calc-spar 1

Sandstone , 5
Eed marl

5

Sandstone
1

6

48 10*

3. In descending order, the

the upper Till or Drift)—

-

ft.

1. Green clay. Cypris (rather

sparingly). Teeth ofHybodus,
and scales of Lepidotus 1

2. Grey stone. Small Modiola . 5
3. Blue, variegated, and green

clay. Cypris (rare). Hybo-
dus. Lepidotus .1

4. Stone 1

5. Green clay. Cypris. Estheria.

Lepidotus, &c
6. Stone
7. Dark clay. Cypris. Lepido-

tus. Hybodus
8. Stone ( = " Bone-bed") t.

Teeth and spines of Hybodus
minor. Teeth,jaws, and scales

of Lepidotus. Sphenonchus
Martini, Ag. Teeth and ver-

section at Lihksfield * shows (under

ft. in.

tebrse of Plesiosaurus, &c.

Small Univalve and Bivalve
shells. Eemains of Plants... 3

9. Blue clay. Cypris, abundant.
Fish-remains, rare 4

10. Stone

1

4
11. Green maid {Estheria occurs

in some of these lower beds) 9
12. Stone

10

13. Green marl 2 10
14. Stone

10

15. Green marl 2
16. Stone

8

17. Green marl 5
18. Boulder-clay 5
19. Cornstone 12
20. Eeptiliferous Sandstones (?).

The author next offered some observations on the red layer of clay,

sand, and stones intercalated between the Linksfield shales and the

cornstone
;
and, not accepting Capt. Brickenden's opinion % of its

having been thrust in by the action of ice against the escarpment

during the formation of the Boulder-clay, he suggested that an early

glacial period, contemporaneous with the Lower Lias, destroyed

some of the lower shales and limestone of Linksfield, leaving their

remnants imbedded in a red drift to be covered by the succeeding

undisturbed deposits of the bone-bed series.

Mr. C. Moore next remarked that the Cornstone at Linksfield, on
which all the above-mentioned beds rest, might possibly be of

Triassic date, as he had observed on the flanks of the Mendips and

elsewhere a stone, of a similar aspect, belonging to the Trias, and

* See also Mr. P. Duffs Section in Ms " Sketch of the Geology of Moray," pi. 3.

t See Mr. P. Duff's " Geology of Moray," p. 64, pis. 4 & 5.

\ Quart. Journ. Geol. Soc. vol. vii. p. 289.
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occasionally yielding remains of Reptiles and Fishes j to this rock the

author refers the " druidical " stones of Stanton Drew.
Some observations on the discovery of reptilian and mammalian

teeth near Frome, by the author, in a fissure containing a probably

Triassic deposit,—on the possible relations of some of these to the

Reptdia found in the Lossiemouth sandstone,—and on the probable

Secondary age of the latter, cuncluded the paper.

At-ril 18, 1860.

SPECIAL. GENERAL MEETING.

It was resolved that the Evening-meetings of the Society on
May 2nd. May 10th, May 30th, and Juno 13th be held at Burlington

House, Piccadilly.

ORDINARY GENERAL MEETING.

Edward Brainerd Webb, Esq., C.E.,34Great George Street, Spencer
Herapath, Esq., 19 Sheffield Terrace, Kensington, and Owen Bowen,
Esq., 4 Great Queen Street, Westminster, were elected Fellows.

The following communications were read :

—

1. On a Well-Six ri<j>- ,uar Gospokt. By James Prxnnow, Esq.

[In n Letter to the Assistant-Secretary.]

Ttir: following is a section of the deep well and boring recently

made under my direction (18-38) for the Gosport Water-works Com-
pany, at Bury Cross, about one mile and n quarter west of the town.

It is, I believe, the most carefully observed, as well as one of the

deepest wells executed in that district, whi n- the si rata vary so much
that the same stratum will scarcely be found with like characters

at two places, though only a few hundred yards apart : and frequently

the omission altogether of one or other of the strata shows that vi r\

considerable disturbing causes must have been in operation either at

the period of the formation of these deposits or subsequently.

In the upper and middle portions of the stratum of sand noted in

the section at from '.YA feet 1 inch to C>7 feet M inches, the tine serii s

of perfect fossils occurred, of which a note is appended. Others

OOOUrxed in the lower portion of this bed ; and where it merged into

the green sand below, which was dry and hard, the specimens became
much fractuWd and very rotten.

Fossils were not again nu t with until the depth of v
! feet was

reached, and from that to !».") feet. These were similar to the fore-

going, but mostly fragmentary and mixed in masses with the sand.

At from 03 feet to 104 feet, a few other fossil shells were also

found.
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A Section of the Strata near Bury Cross, Hampshire.

Alluvial soil

Gravel
Mottled clay

Blue clay, with sortie sand and pyrites

Light sand, with pyrites and small \
shells J

Sand and shells

Green sand
Green sand (lighter)

Light green sand
Light sand
Clay and sand
Sand and shells

Sand, shingle, and shells t

Laminated clay

Blue clay and sand
Black peat (woody)
Stiff blue and green clay

Blue clay and sand
Dark sand and water

Blue clay and sand
Green sand
Stiff blue clay

Dark green sand, intermixed with "1

clay, peat, and pyrites J

Green sand and water
Blue clay and sand
Sand and shells

Blue clay and sand
Blue clay and black pebbles

Blue clay, crusty

Light sand and water

Sandy clay and black pebbles

Hard clay

Depth
of shaft.

ft. in. ft. in.

1 6 1 6
8 9 6
2 3 11 9
15 6 27 3

5 10 33

34 2 67 3
2 9 70
5 75
5 80
Qo 83
1 84

11 95
9 104
2 9 106 9

11 6 118 3
4 6 122 9
16 138 9
12 6 151 3
2 153 3
8 1 161 4
1 162 4

21 5 183 9

xo n 201 9

20 6 222 3
49 3 271 6
1 272 6

27 6 300
1 301

9 301 9
26 327 9
1 3 329
2 3 331 3

Notes.

Water at 25 ft.

f 12 gallons ofwater per

\ minute.

Water increasing at

45 ft. 1 in. At 52 ft.

more loamy and full

of shells*.

Compact and full of

shells at 86 ft.

At 290 ft. 6 in. hard
blue clay; no trace

of sand.

The yield of water from this well is very copious, supposed to be

little short of a million gallons per diem ; but the means at present

have only been equal to testing this to about 500,000 gallons at

about 70 feet from the surface. The water rises and stands, when
the engine is not pumping, at 9 feet from the surface of the ground.

* The following list of these fossils, exhibited to the Society by Mr. Pilbrow,

has been drawn up by Prof. Morris, F.G.S. :

—

lVummulina laevigata, Lam.
Turbinolia elliptica, Brongn.
Ostrea, small.

nabellula, Sow.

Anomia lineata, Sow.

Vulsella.

Pecten corneus, Sow.

Corbula Pisum, Sow.

costata, Sow.
Nucula similis, Sow.

Sanguinolaria Hollowaysii, Sow.
Cytherea elegans, Lam.
Cardita planicosta, Lam. Several spe-

cimens of different stages of growth.

The largest has a group of small

Ostreee attached to it.

Natica.

Buccinum.
Turritella imbricataria, Lam.

terebellata, Lam.

t Solen obliqims, Sow., occurs in this bed.
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The water has hcen analysed by Dr. Letheby, and reported to be
remarkably pure; and, anions other <jualili< ations, to lie superior to

the Artesian well waters in the London liana -even the lust, sin h a.s

the Royal Mint well, or that at Holt's Brewery, having only of
hardness after boiling: and it has no communication with the sea.

The sinking of this well occupied two years. Brickwork, with a

bore of 10 feet in diameter, was carried to a depth of 25 feet. Cast-

iron cylinders, with a bore of 7 feet in diameter, were carried to

a depth of 110 feet. A bore-pipe with a diameter of IK inches was
carried to a depth of feet 9 inches ; and 25 feet was perforated.

2. On (he Presdxck of (he London* Clay mi NORFOLK, (U proved by a
Wi:u.-itoiuN<; at Yarmoitii. J5y Joski'ii I'RKsnvicn, Esq., F.K.S.,

Treas. G. S., &c.

Tin; northward extension of the London Clay has hitherto been con-
sidered to have its limits in the southern part of Suffolk. Its lower

beds outcrop near Ipswich ; at Harwich it is only 2:5 feet thick; and,

as from thence to Bawdsey near Olford, the rise is to the north-

ward, the impression is given that the Eocene series ends under the

Coralline Crag somewhere about Orford or Aldborough, and that

further north the IMciocenc scries reposes directly on the Chalk ;

such being in fact their superposition throughout North Suffolk and
Norfolk wherever the base of that series is visible.

An exception, however, to this order has been proved by a well-

boring at Great Yarmouth, which was brought to my notice by the

ltev. John (Junn, F.G.S., of Irstead.

It appeals that in the year 1840, the firm of Sir E. Lacon and Co.,

being desirous of obtaining a larger supply of water, had a shaft

dug to the depth of 22 feet, ami then a boring carried down to the

depth of ")!•? feet, by Messrs. Clark of Tottenham. Unfortunately

this spirited undertaking was not successful so far as the water-

supply was concerned ; but geologists are nevertheless indebted to

Messrs. Lacon and Co. for having preserved a full record of the

boring, and specimens of the strata penetrated, which have brought

to light some geological facts of interest.

< >n either side of Yarmouth the cliffs consist of Boulder-Clay, with
underlying sand- and gravel-beds, ranging for miles in a compara-

tively horizontal position. The town is situated on a bank of --and

and shingle at the angle formed by the sea and the Liver Yare,

the valley of which interrupts the cliffs for a distanc e of about five

miles, judging by the thickness of the beds between the Bouldcr-

clay and the Chalk elsewhere in Norfolk, it might have been inferred

that the latter passed under Yarmouth at a depth of from M<> to 40
feet, unless any unusually great scouring-out of the valley had worn
a di ( per channel at some very late geological period.

Specimens of the boring were taken with great care at every

1<) feet or less of depth, and were duly noted and pn served ; whilst

a well-executed coloured section of the well records tho general
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features. I am indebted to Sir E. Lacon and Co. for the opportunity

of inspecting this, and the interesting series of specimens. The
following description of them I made on the spot, in company with

Mr. Gunn and Mr. Rose.

One column gives the specimens as read off previous to my having

formed any definite conclusion ; and in another column is added the

geological structure which the examination of the specimens in con-

junction with the coloured section led me to surmise. From the

nature of the work, the shells are necessarily small or fragmentary.

Nature of Specimens.

Blown 1 . •-

,

sn «> tot
SHINGLE. J

Depth.
Feet.

1

to

50
58

109

111 3.

113 4.

123 5.

150 6.

156 7.

158 8.

160 9.

161 10.

166 11.

170 12.

180 13.

190 14.

200 15.

210 16.

220 17.

230 18.

240 19.

240-50. 20.

250 21.

260 22.

270 23.

280 24.

291 25.

294 26.

300 27.

309 28.

320 29.

330 30.

340 31.

Coarse light-coloured sand, with 1 specimen of
>

Ostrea edulis, 2 of the Cardium edule, 1

each of Corbida nucleus, Tellina Balthica, and
T. planata.

Light-grey clay with a few pebbles of quartz,

fragments of Cyprina Islandica, 1 Tellina,

and 1 fragment of Pecten opercidaris.

Yellowish shelly sand with fragments of small

Tellince.

Fragments of comminuted shells, none perfect, i

Light-coloured shelly sands.

Light-grey shelly sands.

The same, coarser, with concretions and a few
flints.

Laminated micaceous grey clay.

Light-brown clay.

Grey clay and sand, with shells; Tellina (same
as in No. 2), 1 fragment of Mytilus edulis.

Grey clay, with undeterminable fragments of

shells ; 1 valve of Balanus.
Light-brown clay and small light-coloured con-

cretion (like those in the London Clay).

The same, one concretion.

Tough brown clay.

The same, slightly greyer.

The same, one concretion.

The same, slightly variegated*.

Brownish-grey clay.

Dark-grey clay.

The same, with 2 lumps of iron-pyrites and
2 small calcareous concretions.

Grey clay.

The same, darker and more compact.

The same, ,, „
The same, ,, „
The same, browner

;
iron-pyrites.

The same, with wood and decomposing iron-

pyrites.

Brown clay.

Light-grey sandy clay.

Greenish sandy clay.

Streaked brown clay.

Greyish-brown clay.

Eecent
estuarine
deposits.

120
feet.

London
Clay.• J

310
feet.

* Possibly caused by the boring tool.
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Depth.
Feet.

350
358 33.

B7U .54.

380 .".").

38'J 30.
oom

•>7.

400 38.

410 •i'.i.

4JO 40.

430 41.

)_'.

SOU AO
4.j.

lenV ill 44.

4/0 45.

475 40.

480 47.
4'.H) 4o.

4'.K

505 50.

510
l K

.M.

53

)

53.

525 54.

52G 55.

527-'. 17 50.

h'ature of Specimens.

Micaceous sandy clay.

Same as 31.

„ 32.

Brown sandy clay.

Grey clav, with decomposing iron-pyrites.

Brown clay.

The same.

Brown micaceous sandy clay.

Brownish sandy clay.

Tho same.
Dark-brown sandy clay.

The same, with soft Rrcen grains.

Tough brown clay.

The same.
Fragments of soft septaria.

Grey clay, witli lignite.

Tough brown clay.

Streaky dark-grey clay.

Grey c lay and green sand.

The same, more mixed.
The same, with more green sand.

The same, with less green sand.

Pure dark-green sand.

The same, more clayey and with small dark-

grcen-coated (lints.

Chalk with Hints.

London-
Clay.

310
feet.

WoOMVICIl"j
And

Rbadihg
Series.

| 40

[
feet.

Chalk 57 +

This section is of interest for more reasons than one. In the first

place, it shows how recent the immediate ground is on which Yar-
mouth stands, it being nothing more than blown dune-sands and
beach -shingle.

2nd. Beneath the sand and shingle we have the opportunity
(rarely offered) of tracing a complete section of a very recent estua-
rine deposit. It consists of 12<> feet of tranquilly deposited sand and
silt in alternating beds. Unfortunately, the shells being in such a

fragmentary state, few species can be determined. 1 have been
aided in these by Mr. Hose, of Yarmouth, who has carefully gone
through all the specimens again, and made tic necessary comparisons.

A considerable portion of the fragments have evidently Keen washed
out of the adjacent Crag, which at that time probably extended in

exposed banks on either side of the old river-estuary. 1 do not,

however, believe that any portion of the 120 feet belongs to the Crag
itself; there is too much uniformity throughout tho mass, and it is

too argillaceous. Tin- level of the adjacent Crag is higher ; and then"

is no reason to suspect a depression in the bmdon ('lay anterior to

the Crag-period coincident with the depression in the recent surface,

or in the Chalk; and all the fragments aro of such -ho] U as might
bo washed out of the Crag. tit are living ns well as Crag species.

3rd. At the depth of 170 feet the beds change so Want nlv. and
the hand-specimen, with its small light-brown eon- ivti..n, i- so

like an ordinary specimen of London Clay, that I at once noted its

resemblance, but without at all softjMctitig the London Clay to bo
there. Wfc6&, however, I passed from specimen to specimen with
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like or very similar characters through a thickness of above 100 feet,

I began to suspect that it was a mass of London Clay; and the

examination of the remaining specimens strengthened that convic-

tion. There were, it is true, no fossils (tbat, however, often happens

in borings of the London Clay in the London district itself) ; but the

characters of the beds were so uniform and so closely resembled the

ordinary London Clay, and the small calcareous and phosphatic

nodular concretions were so identical with specimens common in the

London Clay of Essex and Kent,—and the whole is underlain by a

seam of septaria, so usual in the Essex wells,—and these by a series

of beds of green sand and clay with lignite, so characteristic of the

beds between the London Clay and the Chalk (although they here

present a modified type), that I have not the slightest doubt of this

being a mass of true Lower Eocene strata in situ.

Such a circumstance renders it probable that a bed of variable

thickness of London Clay may extend beneath the Crag between

Orford and Yarmouth, and may possibly range as far north as Mun-
desley or Bacton.

This mass cannot extend far inland, as the Chalk comes at places

to or near the surface along a line about ten to fifteen miles distant

from the coast. Erom this line, as the Chalk dips eastward, the

Eocene strata may probably set in, and, dipping also eastward, pass

out under the bed of the adjacent German Ocean.

3. On some Eossil Foraminifera from Chellaston near Derby. By
T. Btjpekt Jones, Esq., E.G.S., and W. Kitchen Parker, Esq.,

Memb. Micr. Soc.

[Plates XIX. XX.]

Several months ago, some clays (probably of Upper Triassic age)

which had been brought to Messrs. Cubitt's Works from Chellaston,

three miles south of Derby, were submitted to examination, and

yielded some unexpected results, affording us a fine series of Fora-

minifera. The clays examined were red and blue in colour, and were

obtained from the pits in which the alabaster occurs. The blue clay

yielded abundance of Foraminifera ; the red was barren.

About a pound of the blue clay was washed down. It yielded a

considerable residuum (somewhat under ten per cent.) of fine sand,

chiefly siliceous and subangular, together with some minute pyritic

globules. There were two or three Otolites met with, some valves

of Entomostraca (a species of Cythere), and several fragments of Ecld-

nodermata (minute plates and spines).

Of the Foraminifera, nearly one half consists of a variety of Rotalia

repanda (B. elegans, PI. XX. fig. 46). The individuals are very

small, and are similar to those found living in the Mediterranean,

in different places, at about 700 fathoms depth. Indeed it is a variety

very common in warm seas, and ranges from 100 to 2000 fathoms. It

is tkeBotalia PartscUana of D'Orb. (For.Eoss.Vienn. pi. 8. figs. 1-3),
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and is identical also with 11. tltyans, D'Orh. (Ann. So. Nat. vol. vit.

p. 270. no. 54) and Soldani (App, Test. [ or Sagg. I )rit.] pi. 2. tigs. q. r).

The next most numerous group comprises the well-known forms
which have been distinguished by the designations Xodusaria, I)m-
talhut, Maryinidina, Vayinidina, Plunitluria, Frondicularia, FUthtl-

Una, and Cristdlaria (l'ls. XIX. A: XX. tigs. l-4.'3). These are the
chief members of the great Xodosarine genus.

The genus that is next in numerical force is Nubecularia ( PI. XX.
figs. 4S-50), a genus that has not yet been well worked out. Besides
the varieties comprehended under the name of X. lua'fuya by De-
france (Diet. Sci. Nat., ZooL pi. 44. fig. '.i), we have here several

long jointed forms, such as occur under certain conditions in company
with tortuous and scale-like varieties in the mud of the Indian and
other seas.

Potymorphina (PI. XX. fig. 44), Bulimina (fig. 4;")), and Lituola

(fig. 47) are represented in this clay by a few individuals of very
familiar varieties, such as occur plentifully both recent and fossil.

Nodosarina (genus).—Individuals belonging to the subgenus Xo-
dosaria occur fossil at Chellaston in a very simple state of growth

;

and others present us with numerous stages of development, so that

we have two-celled, three-celled, four-, five-, and more-chambered
Uldivida&lfl ; straight and curved ; smooth and ribbed ; circular in

section, oval, and compressed ; of straight growth and oblique, with
central and with lateral aperture. Indeed we can recognize amongst
the many varieties, shells corresponding to those which have been
named Xodusaria (Clandidin"

) (ilans(Y\. XIX. fig. 7), X. Jtadicula

(figs. 1-5), X. hu.m'dis (tig. 0), X Bad, ,„ asis (figs. ^, U), X. Ha^hanus
(tig. 10), and X. Uneolata (tigs. 1 ] , 12).

Amongst those with more or less oblique chambers, we recognize

Dentalinu l>c< > is ( PI. X IX. figs. 2:3, 2-1), D.jntujnrafa (fig. 22), D.com-
munis (figs. 25, 20), \~ayiitidlna L<ynm,n( tigs. 27, 2iS), V. striijillaia

(figs. 20-2.5), J'. Ihinhri (tig. 150), and J'/antdaria reticulata (fig.

The compressed form of Xod,,sarin huin'dis, constituting a Linyul'ma

(tigs. 1:3-15), is abundant here, as it is also in the Lias, as we know
from our own collections, and from Borncmann's u Lias-Formation
von (.iottingen.'' The form we refer to is the Linyidina carinafa

(D'Olh.), both smooth and striated. The gradations between these

Liuguline forms and Frondicularia are striking and abundant here,

in both smooth and striated shells. The r'rondicularian variety

found here is chiefly the striatida of Rciiss ( figs, hi |s), together

with a variety of F. com/danatu 1,1 I franco (fig. 19). The gradations
from Frondicularia to /•'/,,/., llina, with a more or li ss spiral arrange-

ment of the older part of the shell, are remarkable, and produce
Fla/nlllna rny„sa, I)'<>rh. (tigs. 2". 21). Tin* chevron-chambered
Nodomriiue arc subject to much irregularity of growth as regards

the lateral extension of the chamber*; nor are the D.ntaHni exempt
from similar distortion of growth.

It is impossible to mark the exact boundaries which limit tho
fayinidinii , J'lunulari'i , and Crist, llar'nr of this fauna. Minute
flattened individuals of CrisUllaria Cassis (fig. 11) arc linked by
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various graduating forms with Marghiulina Sublituus (fig. 37)an d

Planidaria Bronni (fig. 40), ou the one hand, and with Planidaria

reticulata (fig. 38) and PI. pauperata (fig. 39) on the other.

PI. pauperata is here indicated as a variety not previously recog-

nized. It is a minute, subtriangular, flattened shell, consisting of

six chambers, four of which are transversely broad ; the two others

(the oldest) are subglobular, and resemble the early cells of a Nodo-
saria. The shell is smooth, the septa are gently curved and sulcate

;

the aperture is distinctly marginal and produced. This is one of

the simplest forms of the Cristellarian type. Although very minute
(about -g-jy-^ in. in diam.), it closely assimilates in outline to the large

Planularian Oristellariw of the Subapennine tertiaries, which some-
times attain to y

1
^ in. in diam.

At first sight it might appear difficult to suppose that all the

varieties, ranging from the simple Nodosaria to the nautiloid Oristel-

laria (figs. 1-43), should belong to only one species ; but such an

exceedingly wide range of variation is the rule in Foraminifera—

a

group of creatures extremely low in organization, and showing a

licence as to their morphological laws, as great as any possessed by
the lowest animals and plants.

Similar in shell-structure, the Nodosarina) differ amongst them-
selves in their mode of growth chiefly as to the rectilinear or spiral

arrangement of the chambers, as to the more or less excentric posi-

tion of the aperture, and as to the flattening of the shell. In every

gathering of Foraminifera rich in this group, the gradations of form

are endless, presenting, however, certain more or less conspicuous

varieties, which are conveniently separated as subspeeific or varietal

groups, and which have been considered by some to be of generic

and specific value. Moreover each local fauna has its own set of

varieties, which are often sufficient to serve as characteristic features

of the fauna.

With the exception of Flahellina rugosa, Vaginxdina strigillata,

Planidaria reticulata, PI. pauperata, and PI. Bronni, all the above-

named varieties of Noclosarina occur more or less abundantly in the

recent seas, as well as in tertiary and secondary deposits : nor are

the excepted varieties without their representatives ; for they do not

differ in any essential character from many recent forms with which

we are acquainted.

Polymorphina.—The well-known species Polymorphina lactea is

represented in the clay from Chellaston by a very minute but charac-

teristic individual (PI. XX. fig. 44). It is a short tear-shaped shell,

being of the variety known as Outtulina communis (D'Orb.). Poly-

morphina occurs also in the Lias, where it is represented by Mr
Strickland's rather more elongate variety, P. liassica* ; and it is con-

tinued to the present day in great varietal abundance.

Bulimina.—A cast of a minute Bulimina (fig. 45) resembling B.

Pyrula of D'Orb. also occurs. It is not unusual to find the very

thin-shelled small individuals of this species indicated by casts only

* Quart. Journ. Geol. Soc. vol. ii. p. 30.
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in clays. This is the oldest-known of the Buliminm : the genus ex-

tends to the recent time, and still presents .similar varieties.

Ilotalia.—In this clay we also iiud, as we have already stated, a

very minute Hutalia (PI. XX. tig. in considerable abundance.
It is of a conical form, its umbilical base varying from being flat, or

even concave, to a convexity almost equal to that of the spire. The
umbilicus is usually marked with a raised umbo, from which radiate

five or six slightly curved limbate septal lines. The far more nu-
merous short septal lines on the upper or conical surface are also

limbate, as well as the margin of the whorls. Of the numerous va-

rieties of Hutalia wearing these features, most of which belong to the

H. ffpanda species, we select, as the closest representative of this

fossil form, the Hutalia ehgans of D'Orb., figured by Soldani. W e

have already mentioned that this is a deep-sea variety (p. 4.">2).

Liluola.—A minute individual of the genus Lituula (PI. XX.
tig. 47), of the form that has been named Spirolina aij<jlatinans by

D'Orbigny, and S/tirulina irrn/idaris by Roomer, occurs in the Chel-

laston clay. This is the oldest-known specimen of the genus ; it is

an attenuate, crozier-shaped, simple-chambered, one-mouthed variety

of the Lituula naut'do'uUa of Lamarck.
Nuhecularia.—Of the curious Miliolitie genus Xaln adaria, we have

here numerous very minute individuals (PI. XX. tigs, -lb—">(!). This

genus has not hitherto been well studied. Plainville and Defrance

grouped it with the zoophytes, and gave several characteristic figures

in the Diet. Sc. X. (Zooph.pl. 44. tig. >l). Soldani has depicted numerous
individuals in his great work ' Testaeeographia,' placing them with

the Sti-fiuhr. We have found Xul>ic>dari<* associated with other

Furuiiiiiiiftra in very many recent sea-sands from shallowish water,

and have been enabled to recognize their relations with the Miliolite

group. These are very protean shells : in deep water they are neither

common nor large, but in the Algie-belt they attain the size of hemp-
seeds and even of split peas

;
and, growing attached to sea-weeds,

shells, and other bodies, they become scale-liko, or resemble lichens,

or, winding about stalks and fronds, they form ring-like incrusta-

tions, shooting off into irregular processes and forming grotesque

cervicom figures uY. Ulfiifitga). Similar forms occur in abundance in

some of tbe French tertiaries. From the Clam-shells of the Fast

Indian seas, and from the Stromhan <jitjas of tin- \\\ >t Indies, we get

minute rectilinear individuals of Salmularia, with a spiral commem e-

inent (.V. T'diia, var. now). An allied variety, without a spiral be-

ginning, is shown by P'Orbigny's Wthhina nujusn ( For. Canar. pi. 1.

f. 10-1*; and For. Vien. p. 71. pi. -1. f. 11, I:.'). In several . lays

of the Oolitic formations, we have met with these eluiigatt varieties

atta.-hi d t> Qryphftcft &c.

All these Nubecularian forms have an opaku shell, frequently

arenaceous, and ai e composed of minute, tent-like, plano-convex

chambers, the base often being more or loss Lmpcrfc< t ; the ajx rture

is produceil, oval, and often lipped, and becomes enwloped in the

base of the new chamber, as in the true Milivla1

.

The foregoing varieties of Midjiadaria, however dissimilar among
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themselves, are all referable to the same specific type, which is suffi-

ciently well represented by the N. lucifuga, Blainv., above referred to.

The specimens from Chellaston comprise about a dozen individuals

(all very small), both of the rectilinear and the scale-like varieties.

The latter (N. lucifuga, PI. XX. figs. 52-56) are perfect, and from

the extreme thinness of the shell on the flat or attached side allow-

ing the pyritous casts to be seen, well exhibit the form and arrange-

ment of the chambers. Of the straight specimens (N. Tibia) we have

only fragments, the spiral portion being absent (figs. 48-51)
;
they

appear to have been attached by flattened portions of the dilated

proximal end of the chamber, the long distal end being tubular.

Comparison with other Faunce.—Taking the above-described group

of Foraminifera, from the Alabaster-pits of Chellaston, as a fair

sample of the marine microzoic fauna of the latest Triassic period, we
have to compare it with the Bhizopodal faunae of the Liassic and

later periods, and with that of the present seas. The Upper Lias of

Ilminster and the Lias of Gottingen are known to be rich in Nodo-
sarince ; at Stockton in Warwickshire the Lias clay, several pounds

of which we have worked out with great care, yields abundance of

the Nodosarinai of the same species as, but of different varieties to,

those of Chellaston, associated with Quinqueloculina, Trochammina,

Rotalia ammonoides, and a variety related to R. elegans.

In some of the clays of the Oolites we find not dissimilar faunae.

This is the case with two clays of the Middle Oolite (from near

Peterborough), in which, besides the Nodosarinai, Nubecularia, Tro-

chammina, Lituola, and Motalia elegans, we have fine specimens of

Verneuilina equal in size to those of the Chalk. In the Oxford clay

a similar group of Nodosarinai occurs together with Lituola, Nube-
cularia, Trochammina, Orthocerina, and Rotalia elegans. The Kim-
meridge clay yields also the Nodosarinai in abundance, Nubecidarice,

Trochammina}, Polymorphinai, and Rotalia elegans, with Bulimina

and numerous small forms of Textidaria. The Gault and the Chalk

abound with the Nodosarinai and all the other forms above mentioned,

with the addition of Globigerina, Valvulina, and some others.

Among the Tertiary deposits, a Pliocene clay from S. Quirico, Tus-

cany, presents a fauna most nearly allied to that of the Chellaston

clay in hand ; but it differs characteristically by the great abun-

dance of Globigerina} and Nonionince. The recent deposits most like

that of Chellaston are grey muds from the western part of the Medi-

terranean at about 750 fathoms, having abundance of minute Rotalia}

elegantes, small thin-shelled JBtdimince, and delicate Nodosarinai of

various conditions of form ; but these species are almost masked

by the extreme abundance of well-developed Orbulinai and Globi-

gerince, and other Rotalice besides R. elegans. A sounding off Lisbon

at about 700 fathoms, and one off Cape Finisterre, yielded some-

what similar results, the former presenting us with a form very

rare in the recent state, namely, a Frondicidaria.

The annexed Table gives a synopsis of the different Faunae, and

serves as an explanation to Plates XIX. and XX., in which the

specimens are highly magnified.
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Conclusion.—Having thus pointed out that, judging from these

specimens obtained at Chellaston, the minute Nodosarince and other

Foraminifera of the Triassic period have continued to exist through

the intermediate ages to the present day without losing any of their

essentially specific features, we will observe that the Nodosarice

are present in rocks of still greater age than the Trias—namely, the

Permian and Carboniferous, and probably even the Lower Silurian.

Nodosarice and Dentalince abound in some of the Permian limestones

of Durham and the Wetterau in company with Textularice. Nodo-
saria occurs also in the Carboniferous Limestone of Ireland, according

to M'Coy ; and the green sand of the Lower Silurian series near

St. Petersburg has yielded to Ehrenberg casts of chambers something

like those of Dentalina, together with unmistakeable casts of Tex-
tularian and Rotalian shells. We may remark, too, that the Fusidina

of the Russian, North American, and Arctic Mountain-limestone

carries back the pedigree of the Nonionina-gvoup to the palaeozoic

periods, and that it is accompanied with other Foraminifera of known
types, amongst which the Nummulina is not absent. This last-named

type has rare representatives in the Lias and the Oolite ; it acquired

great potency in the Tertiary seas, and is not extinct now.
Altogether we have here some remarkable instances of the per-

sistency of life-types among the lower animals. Though the specific

relations of the Palaeozoic Foraminifera require further elucidation,

we feel certain that the 6 genera represented in this Upper Triassic

clay of Chellaston by about 30 varieties stand really in the place of

ancestral representatives of certain existing Foraminifera, that they

put on their several subspecific features in accordance with the con-

ditions of then' place of growth, just as their posterity now do, and
that although we have in this instance met with only the minute
forms of a 700-fathoms mud-bottom, yet elsewhere the contempo-
raneous fuller development of these specific types may be found by
careful search in other and shallower-water deposits of the Trias

period.

May 2, 1860.

The following communications were read :

—

1. On the Physical Relations of the Reptilifepoes Sandstone near

Elgin. By the Rev. W. S. Symonds, F.GKS.

[This paper was withdrawn, by permission of the Council.]

(Abstract.)

Repepetng to Sir R. Murchison's sections of the Elgin district, pub-

lished in the Quart. Journ. Geol. Soc. No. 59, pp. 424 and 428,

which show a conformable sequence of strata from the Old Red
Sandstone of Eoths to the yellow sandstone and cornstone of Lossie-

mouth and Burgh Head, the author first stated that the siliceous

marly rocks, or so-called " cornstones " of Glassgreen, Linksfield,
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Spynie, Tnverugic, and Lossiemouth are in reality very dissimilar to

the cornstoncs of Foths and Cuthall ; and he then pointed out the

improbability of the so-called cornstonc of (ilassgreon continuing to

di]> north -westwardly under the sandstone of the Quarry-wood Kidgc,

especially as near Linkslield it is, at different spots, seen to dip away
from that ridge. Evidence also of a break in the stratu at the Di>hop

Mill quarries was advanced to show that the sandstone beneath

tliis " cornstonc " (presumed to he the Keptiliferous sandstone) is

probably brought by a fault against the lower or Holoptychian sand-

stone, which latter towards Spynie the author thinks is surmounted
by the lb ptiliferous sandstone, and th's last conformably by a marly

siliceous rock or so-called " cornstonc."

Beyond Spynie Loch, northward, the author supposed that another

fault had again brought up the sandstone with SkUJOnolepis and

Hyperodapfdon at Lossiemouth. Beyond this a cornstone-like rock

is again seen to cover the sandstone.

The author then referred to the probable Liassic and Tria.ssic cha-

racter of the shales at Linkslield, and dwelt upon the suggestion

that had been offered as to the probability of the layer of boulder-

clay beneath the shales having been due to the mass of shales bc'ng

a portion of a cliff in the glacial period, and having then dipped
from a higher level. Regarding these shales as having been removed
merely by a slip from their original site, and as conformably over-

lying the calcareo-sUiceous rock and sandstone beneath. Mr. Sy-

monds expressed bis belief that this sandstone, shifted by a fault

against the Holoptychian sandstone at Quarry-wood, must lie the

lb-ptiliferous sandstone and of Triassic age. Lastly he remarked that

the pebble-beds and sandstone, track-marked ami rippled, of Burgh

Head are far more liko the Triassic conglomerates of England than

like the Old Bed rocks of Cuthall and Foths.

2. Notice of the Discovery of Two Bonk-cavks in Xoktiieiot Sicily.

By FbAHQCOCB An< \. BaBOH OH Manoal.vviti.

(In a Letter* to Dr. Falconer, F.Q.S.)

Sim i: you left Sicily. I have continued my pahi ontologicul re-

searches, and I am happy in having discovered two bone-caves

previously unknown. One of these is at Monte (iallo, at I be w. stern

extremity of the Bay of Palermo, and is situated at an elevation of

1<;h feet above the sea-leVel ; the other is situated near the village of

Aequo Dolci. at the foot of Muni' Sun Fratcllo, in the north of Sicily,

aild is 23 I feet above the sea-!eVel.

These caves, especially the last, are \ery rich : and. what will

astonish you. they contain a prodigious quantity of bones of Car-

nivora, including perfect jaws armed with molars and canines. I

have collected also two molars and a tusk of /voy./e*.--. U< th and hones

• Dated " Palermo. March \'2. !-<>.'
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of Hippopotamus (of the two species, I believe, determined by your-

self). Altogether, remains of the following were met with :

—

Hippopotamus ; two species. Cervus (two species ?).

Elephas antiquus. Canis.

Africanus. Ursus.

Sus scrofa ? Hyaena.

Equus. Felis.

Bos ; two species. Lepus. And others.

Having this large group of genera, we may say that we have

recovered in this cave an entire fossil Sicilian fauna.

I have also found in these two caves a large quantity of flint im-
plements (" de silex en armes ") ; and it is remarkable that we do

not generally see them but where there are great deposits of bones of

Deer,—never otherwise. Lastly there occur coprolites of Carnivores,

and another kind of coprolite, which, I suppose, belonged to Her-
bivorous animals.

I have been fortunate also in detecting teeth of Carnivora in the

Cave of OliveJla (" la grotte de POlivella").

The necessity of having means of comparison at hand induces me
to prosecute the study of these cave-bones at Florence, where I shall

have the assistance of M. Meneghini. Afterwards I hope to publish

the results of the exploration of these caves, and to describe them
and the more interesting of the objects obtained.

May 16, 1860.

Frederick Wollaston Hutton, Esq., Lieut. 23rd E. W. Fusileers,

Staff College, Sandhurst ; John James Lundy, Esq., Primrose Bank,
Leith ; E. Farmer, Esq., The Hill, Hornsey ; William Drury Lowe,
jun., Esq., Locko Park, Derby; Arthur Beevor Wynne, Esq., of the

Geological Survey of Ireland ; and James Wyatt, Esq., Bedford, were
elected Fellows.

The following communications were read :

—

1. On the Geology of a Part of Venezuela and of Trinidad.
By G. P. Wall, Esq.

[Communicated by Sir E. I. Murchison, V.P.Q-.S.]

[Plate XXI.]

For our earliest distinct notions of the physical conformation and
geological structure of this portion of the South American continent,

we are indebted to the researches of that illustrious observer,

Humboldt, who, on his visit to equinoctial America (1799), first

landed on the coast of Venezuela, and prosecuted during a period of
sixteen months a series of investigations in several departments of
that State, thus rendering the most essential service to all sub-
sequent travellers ; for whilst some of his conclusions must be mo-
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dified or rejected in accordance with the advance of science during

the last sixty years, yet many of the results at which he arrived

form a permanent addition to our knowledge, and will he verified by
each of his followers.

A quarter of a century later, the French chemist Boussingault

visited the same territory, and executed a number of researches, less

amoral, but more detailed, and relating especially to the composition

of the thermal waters and the distribution of the natural asphaltum.

The year 1841 witnessed the publication of the labours of Colonel

Codazzi on the physical geography of Venezuela*, including a series

of maps prepared from the topographical surveys and measurements
conducted by him during more than ten years. This is an especially

important work for the geological inquirer, furnishing him with

many of the data so essential to the accuracy of his observations.

It is not only the execution of these maps, though numerous and
faithful, but also the precision with which the external features,

the resources, and capabilities of the various regions are determined,

that confers so high a value on tliis summary,—a value only to be

duly appreciated by those who have traversed the country, and can

realize the difficulties attending the performance of such labours,

which, at the date of their publication, were quite exceptional, no
similar compendium then existing for any other South American

province.

Although that continent, possessing a magnificent system of rivers,

and colossal mountain-chains, and a vegetation of the most varied

and interesting description, presents unsurpassed attractions to tho

scientific explorer, yet it is to be apprehended that many years must
elapse before our knowledge will partake of that precise and posi-

tive nature which already attaches to the investigations conducted in

several much more recently settled countries. The constant political

disturbances which agitate the South American Republics keep the

various States in such an impoverished condition as to render their

governments unable to support any regular scientific organization.

Under these circumstances, we may long be dependent for the exten-

sion of our information respecting these regions on tho mere casual

visitor or resident, who, having but limited resources in a field so

vast, finds hinwlf reduced to contend with difficulties frequently

beyond the power of individual effort to control or overcome.

North of the Orinoco, the principal inequality in the surface of

Venezuela consists of a massive and elevated mountain-range known
as the Littoral Cordillera.

To ascertain the origin of this striking physical feature, it is

necessary to refer to the main chain of the Andes, which, a little

north of the frontiers of Kciiador and New (iranada, divides into

three great ranges (see IM. XXI ). of these, the western follows tho

contour of the coast towards Panama; the central continuing to the

north in the direction of Carthagena : whilst the eastern, assuming

n north-eastern course after passing Bogota and originating a power -

• Geogrufiii l'isiai de Venezuela: ruri«. I SI I.



462 PROCEEDINGS OE THE GEOLOGICAL SOCIETY. [May 16,

ful branch which terminates in the snowy mountains of Santa Marta,

enters the territory of Venezuela by the mountainous region of

Merida, which comprises elevations of over 14,000 feet. On ap-

proaching the coast, under the tenth parallel, the direction changes

to east, and so continues for 8 degrees, forming the southern boun-

dary of the Caribbean Sea, and terminating at the eastern extremity

of Trinidad.

The observations on which this notice is founded only extend to

that portion of the Republic north of the 8th degree (corresponding

for a considerable distance with the position of the Orinoco) and east

of the 69th meridian, including, consequently, merely that section of

the Cordillera last enumerated, and adjacent to the sea (PI. XXI.).

In this distance the mountain series is twice interrupted : first by
the great indentation of the coast in the province of Barcelona,

dividing it into an eastern and western range ; and secondly, by the

Bocas or exit ofthe Gulf of Paria, which separates the third or insular

portion.

The most ancient rocks the existence of which has been esta-

blished comprise a series of micaceous and siliceous schists, the

former especially presenting a great multiphcity of aspect, the mica

passing from silvery white to the darkest shades, and from an

extreme abundance to an almost entire suppression
;

secondly, of

sandstones, in which the grains are coarse and accompanied with

flakes of mica, or fine and free from the latter mineral ;
thirdly, of

shales, occasionally ferruginous, sometimes micaceous, and often car-

bonaceous. (See Sections, PI. XXI.)
These various rocks seem to have experienced a segregation or

concentration of part of the siliceous material originally disseminated

throughout the strata, since the silica occurs in layers—in lenti-

cular or nodular forms, usually of great irregularity, but with a con-

stant tendency to occupy the directions of bedding and foliation.

The thickness of these quartzose masses (often only equalling the

slightest film) may attain from 4 to 6 feet of thickness, evidencing

the magnitude of the scale on which this process has operated.

White or blue limestones, generally crystalline, more rarely com-
pact, are also members of the same series. By the association of

argillaceous matter and mica, they become calciferous schists. The
thickness of the limestones varies from a single inch to hundreds of

feet ; but the more massive beds are probably restricted to Trinidad,

as they were not observed on the mainland.

A much rarer mineral aggregate, consisting of a base of smaragdite

with crystals ofgarnet (and consequently a species of eklogite), occurs

near Caracas and at Cambure, jN".W. of Porto Cabello. It is distinctly

stratified, and by the association of mica (scarcely ever entirely sup-

pressed) passes into granatiferous schist.

An important variation in the nature of the series arises from the

presence of gneiss, which prevails especially at the Point of Paria (the

Scylla of Caracas) and between the lake of Valencia and the coast.

It is difficult to establish any relations of age or sequence with the

schists. The circumstances are rather those of alternation—a number
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of schistose beds succeeding a scries of gneissic, which are again
replaced by the latter. The transition, occasionally gradual, is more
usually sudden or abrupt. Generally the conditions may be defined

as those of a schistose region traversed by gneissic zonos. The
latter rock is ordinarily foliated, but also occurs without the slight-

est parallelism of the constituent substances, or tendency to cleave

in any particular direction. Even where the arrangement of tho

minerals is as irregular as that of granite, it is still bounded at certain

intervals by distinct planes, tho equivalents of the surfaces of tho

different beds.

Amongst the rarer substances existing in this group, garnets aro

the only earthy minerals not highly exceptional ; and oven theso

were merely observed in the more crystallino portions.

Gold is disseminated in the gneiss west of Valencia, but in

quantities quite inappreciable to the senses. On treating the debris

proceeding from the degradation of this rock, the yield, in extremo
cases, has amounted to an ounce per week for one person.

At Las Tegues, -jn miles west of Caracas, the schists are impreg-
nated over a considerable area with the sulphurct and carbonate of

copper, which are associated in small quantities with tho masses of

quartz, or spread out between the lamina; of the strata. Nothing
resembling an accumulation or mineral deposit appears to exist.

Argentiferous lead-ore has been worked on a small scale near

Cariipano, and offers deposits of two different descriptions : tho first

of a bunchy irregular nature, with a alight proportion of silver (30
to 40 oz. in tho ton) ; and secondly, where the metallic substances

seem to be located in true veins of no great width, the ore is much
rarer, contains a higher percentage of silver, and is associated with

a ferruginous gangue.

The whole formation exhibits groat disturbance and contortion,

and constitutes the northern portion of the Cordillera. Forming
for so great a distance one of the boundaries of the Caribbean Sea, it

may be provisionally distinguished as the ' Caribbean System.' The
strike is ordinarily K. and \\\. or parallel with the coast, but with

local variations of 30°-40° N. of K. and S. of W. In the western

range it occupies a band having a breadth of thirty mil BB
t
rising to

a height of 8000 feet, and furrowed by longitudinal depressions;

whilst in the eastern portion the valleys are transverse, ami the

breadth of the chain is restricted to ten or twelve miles, and the

elovotions to 35U0 feet.

Another group of strata contributing still more largely to tho

formation of the Serram'a. or hilh region, is on many accounts

highly interesting and remarkable.

The most important members consist of sandstones varying from

a mere layer to many hundreds of feet, ami presenting permanent

mineral and physical characters. It is often dilHcult to distinguish

the separate elements, a condition which is accompanied with a

high degree of induration,—properties evidently due to a siliceous

cement precipitated around the constituent grains, a process which

must have very generally operated in the consolidation of these
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strata*. The limestones are hard and compact, containing in cer-

tain localities vast quantities of fossil remains, the substance of which

is often replaced by crystalline spar, the form more or less obliterated,

and so intimately associated with the mass of the rock as rarely to

admit of separation. Occasionally limited to a few feet, the thickness

may attain 100 feet, and amounts to even 700 or 800 feet for the

great bed of Caripe, in which the grotto so minutely described by
Humboldt is situated. Shales are largely represented, generally

dark, containing a few flakes of white mica, and thin seams or layers

of the sandstone above-described. In the western division of the

mountains they experience a great development, and, assuming a

partial induration accompanied by a fissile structure, often closely

resemble clay-slates. A species of rock prevailing extensively in

some localities, especially at Caripe and in Trinidad, has been pro-

visionally termed ArgiUhie, since it contains 85 per cent, of clay, and
only about 3 of carbonate of lime : the colour is white or light-yellow,

and the specific gravity usually slight, on account of the porous

structure. It is sometimes jointed, producing a division into rhom-
boidal fragments, and presents a certain degree of induration. The
beds are often of considerable vertical extent, and contain thin layers

of the sandstone, or, more rarely, of the limestone.

The term Chertine is applied to strata presenting a sufficient

resemblance to chert, but, in place of occupying laminee in the lime-

stones, forming independent beds 70 to 80 feet in thickness and
divided into layers not exceeding 15 inches each : the texture is at

times quite vitreousf. They are especially prevalent in the more
shaly portions of the series (west of Barcelona).

The sequence of the members of this great system would probably

be determined without difiiculty by an observer possessing sufficient

leisure ; but the data on which these remarks are founded can only

furnish obscure indications on this subject. Thus, from Aragua, in

an ascending order (PI. XXI. Sect. 2), we have the sandstones of the

adjacent Cerro ; alternations of limestone, sandstone, and argilline;

then powerful beds of the latter, and finally the Caripe limestone,

—

representing on the whole certainly not less than 7000 or 8000 feet.

Probably the sandstones of Aragua and Baranquin, on opposite

declivities of the Cordillera, are the same, as the thickness is about

1200 feet in either case, and they exhibit a similar succession of

* According to M. Cordier and some of the French geologists, the siliceous

cement of sandstones is hydrated, soluble in acididated waters, and, when the

pores are entirely filled, may amount to one-third of the mass, then forming the

variety known as gres lustre. If this view is correct, it will conveniently explain

several facts observed in Venezuela.

t Since the text was written, we find that this rock and the slaty shales have
already been mentioned as occurring in the Cretaceous formation of Northern
Venezuela (Senft, 'Die Felsarten,' pp. 155 & 1G0, who quotes Karsten),—the first

as siliceous schist (Kieselschiefer), and the second as clay-slate. We regard M.
Cordier's term of "jphyllade " for argillaceous slate of whatever age, as a happy
invention and quite applicable in the case in question. The other substance

belongs to the series which he classes as " phthanite," consisting of extremely fine

siliceous with a little foreign matter.
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hard and softer layers. A massive limestone forming the heights

south of Curiaco, may correspond to the Caripe stratum; this sup-
position, however, did not admit of verification.

With regard to the distribution, west of the province of Barcelona
this formation forms a hilly hand, rarely less than .*<<> miles in width,

not comprising elevations of more than 4<>()0 fret, and consisting of

a great repetition of thin layers or beds. To the east, on the contrary,

the members are frequently of colossal proportions, and the principal

summits much more elevated, attaining, for the Cerros de Srimni-

quiri, de Tionia, de San Augustin, and del Bergantin, respectively,

7149 feet , 7 1 4i J feet, u'OOO feet, and 5784 i'ect. The extreme breadth
varies from 35 to 4U miles.

In Trinidad a narrow belt of the system traverses the centre, and
small fragments occur in the southern localities of the island. The
elevations are limited to UUO feet.

The sections attached to this notice will suffice to express how
intensely the formation has been disturbed. The trend is usually

E. and W.j or parallel with that of the "Caribbean System;" but
there are frequent exceptions, the deviation amounting even to 45°,

with a N.E. strike ; in Trinidad it is almost constantly 20° X. of E.
As already stated, the fossils can rarely be separated from their

matrix ; fortunately a few specimens sufficiently characteristic were
obtained at Hourdones, near Cuinana, and are considered by Mr.
Ktheridge as certainly belonging to the Cretaceous period*. Whe-
ther this formation, like the extensive deposits of New Oranada, is

of Xi'ocomian age, must be determined by future researches. First
observed near the gulf dividing Trinidad from the main, and the
geological position being uncertain, it was distinguished in the
• Survey of Trinidad ' as the " Older Parian System,"—a term which
is retained in the present notice.

The relations of junction of the two preceding formations remain
extremely obscure. Jn Trinidad they are completely concealed by
more recent deposits ; in the eastern chain the (Julf of Curiaco inter-

venes for a considerable distance; and between the village of that

name and Curupuno the surface is covered with so dense a forest,

that no proper sections could be found. In the western Cordillera

an entirely new element is introduced, greatly complicating tin*

problems of junction, and consisting of beds and matter of pyrogenie,

origin,—apparently interstrutilied with the members of the two
systems, and assuming either a crystalline aspect or affecting a

granular form, as though de rived from the previous trituration of

the component material, and finally so associated with the partii les

of tin- regular sedimentary members as essentially to modify their

appearance, and to invest them with the most embai raising i harm tern.

In the southern portion of the district the nature of this muteriul is

augitie, with an uncertain equivalent of felspar, and consequently

forming, according to the subordinate properties, varieties of the

diabasic type -, whilst in the northern sc. t i< >n the bnso is more
generally diullage, thus originating aggregates often closely resem-

* Triijonio, somewhat like that of D'Orbimiy's T. Bouttingaultu.
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bling serpentine. The siliceous strata of this region seem to have
been especially affected, since they are frequently veined with
vitreous quartz and present their joints coated with crystals of that

substance, indicating the solution and re-precipitation of silica. The
result of this intercalation of foreign elements is to obliterate the

distinctive characters of the two formations, and to render it difficult

to determine where one commences and the other ceases. The ten or

twelve miles over which this uncertainty prevails was twice ex-
amined, but without satisfactorily solving many of the difficulties.

In PI. XXI. Sect. 3, the circumstances are represented as accurately

as could be ascertained ; the place of junction is probably at the point

marked J, a short distance north of Villa de Cura,—as the position,

hitherto inclined, becomes suddenly vertical, which is accompanied
by a variation of aspect, slight indeed, but still perceptible on minute
inspection.

The Morros of San Juan, so named from their castellated ap-

pearance, are formed of a grey limestone, compact or suberystalline,

of considerable thickness, and, from the almost obliterated vestiges of

fossils, evidently a member of the " Older Parian" formation. It is

perfectly vertical in position, and, rising suddenly in the centre of

the igneo-sedimentary district from the rounded surface of the sub-
jacent hills, in rugged, rocky precipices, and traversing the country

in a narrow elevated ridge, offers a natural object of considerable

interest.

At the south-eastern extremity of the Island of Margarita, there

is a small basin of sandstones and shales, 600 to 800 feet thick, in

which no fossils were detected, nor do they present any mineral fea-

tures serving for identification with either the preceding or following

series,—forming, perhaps, an intermediate term, of which other frag-

ments may be discovered on further investigation. The sandstone
is siifnciently indurated to have formed a good material for the con-
struction of the old Spanish fort at Pampatar. An angle of 35°

indicates the limit of the disturbances experienced.

The "Newer Parian" formation has been more completely studied

in Trinidad*, where it consists of a lower (calcareous) and an upper
(arenaceous or shaly) series, by no means clearly distinguished one
from another, and rarely presenting the entire development in the

same locality. The inferior portion is sometimes composed of lime-

stone, often with crystalline texture, or of marls containing sub-
ordinate calcareous beds, which are succeeded by calcareous sands
and shales. The superior section comprises an alternation of loose

sands with carbonaceous shales and occasional conglomerates. On
the mainland the calcareous series was only noticed at Cumana, and
on the peninsula of Araya ; the superior division, on the contrary,

occupies an enormous space, as the llanos or grassy plains of Venezuela
are entirely formed of conglomerates, sandstones, &c. referable to

this group. The former are especially prevalent, and include

numerous rolled fragments of the indurated members of the " Older

Parian," which forms the northern limit of the llanos, and which,

* See Memoir, No. 1, of Geological Survey of the West Indies.
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already elevated into the great range, was undergoing extensive

degradation during the tertiary epoch. The carbonaceous matter
associated with this upper group of the formation sometimes becomes
so abundant as to afford a fuel, admitting of exploitation : lignitic

deposits of this nature exist on the eastern coast of Trinidad, near
Piacoon the Orinoco, and in the provinces of Barcelona and Coro.
The only reliable data fur estimating the thickness (viz. the coast -

sections in Trinidad) indicate not less than 4000 feet. The same
fossils seem to traverse the entire series, some of them belonging to

existing species. The antiquity of the formation possibly ascends to

the mid-tertiary period, as the analogies with the fauna of the Basin

of Vienna, and of the Faluns, seem to refer it to the Miocene horizon.

A striking contrast between the conditions prevailing in Trinidad
and on tho main exists in the positions of tho strata, which on the

continent are invariably horizontal or not exceeding 5°, whilst in

Trinidad they are almost constantly highly inclined, often vertical,

and exhibiting the numerous violent but partial accidents which
have affected the system.

Those singular substances termed porcellanites by tho Germans
(tJierman tides of Cordicr) are of common occurrence in the shaly

and carboniferous portions of the series in Trinidad, and are unques-
tionably attributable to the natural combustion of the lignite and
vegetable debris diffused so generally in this formation. The result

of this process is to bake and indurate tho contiguous strata for a

vertical extent of sometimes 70 to 80 feet, converting them into

substances widely varying from their original condition. Thus tho
clays present a material resembling extremely compact brick, and
are brilliantly coloured by the anhydrous peroxide of iron. The
shales are still fissile, but brittle and crowded with the impressions

of leaves and woody fragments sharply defined, whilst the sili.- ^

beds are usually transformed into a species of porcelain-jasper.

The asphalt of Trinidad is almost invariably disseminated in the

upper group of the " Newer Parian." When in situ, it is confined

to particular strata, which were originally shales containing a cer-

tain proportion of vegetable debris. The organie matter has under-
gone a special mineralization, producing bituminous, in place of the
ordinary anthraciferous, substances. This operation is not attribu-

table to heat, nor of the nature of distillation, but is due to chemical

reaction at the ordinary temperature and under the normal condi-

tions of the climate. The proof's that this is the true mode of

generation of the asphalt reposo not only on the partial manner in

which it is distributed in the strata, but also on numerous specimens
of the vegetable matter in process of transformation and with the

organic structure more or less obliterated. After the removal by
solution of the bituminous material, under the mieroMope a remark-
able alteration and c orrosion of the vegetable cells becomes apparent,

which is not presented in any other form of tie tniiu i dizatioii of
wood*. A peculiarity attending the formation of the asphalt results

* For tho details of tliia •ubject, see, in tho ' Report on QM Geology of Trinidad,'
Appendix (1. "ii tin- a-ph:»lu •

< I. j
.. >-ir-. nu ,\ ApiH-mlu K, containing Mr.

Crugcr'a contribution on the fossil plants.
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from the assumption of a plastic condition, to which property its

frequent delivery at the surface is partly referable ; where the

latter is hollow or basin-shaped, the bitumen accumulates, forming

deposits such as the well-known Pitch -lake. Sometimes the emis-

sion is in the form of a dense oily liquid, from which the volatile

elements gradually evaporate, leaving a solid residue.

Mineral pitch is also extensively diffused in the province of Ma-
tuxin, on the main (the other districts of the Llanos were not suffi-

ciently examined to determine its existence, which, however, is

generally affirmed), and in still larger quantities near the Gulf of

Maracaybo, on the northern shores of New Granada, and in the

valley of the Magdalena, where it probably is a product of the

same tertiary formation.

The phenomenon of salses or mud-volcanos, consisting of the

solution of inflammable gas accompanied by the discharge of a

muddy fluid and asphaltic oil, is perhaps closely related to the

activity just described, as carburetted hydrogen may be disengaged

in the direct formation of asphalt*. Several of them occur in Tri-

nidad also, in the " Newer Parian." They were likewise observed in

the province of Maturin, presenting similar characters. At Turbaco,

near Carthagena, precisely the same action is manifested, but on a

much larger scale. This is further confirmatory of a great extension

of the above formation to the westward.

The thermal waters of Trincheras, near Yalencia, issuing from

mica-schist, contain merely traces of silica, sulphuretted hydrogen,

and nitrogen, and possess a variable temperature, as shown by the

following determinations :

—

Humboldt, in 1800 194°

Boussingault, in 1823 206°

The author, in 1859 ........ 198°

The hot springs of Chaquaranal, near Pilar, in a limestone of the
" Older Parian," are of a highly interesting nature, presenting the rare

phenomenon of waters discharged at, and even over, the boiling-

point. There are several centres of issue, situated in adjacent

ravines. Sometimes the fluid is delivered under pressure, rising in

a jet, continuing in a state of ebullition for several feet from the

point of discharge, accompanied by a forcible evolution of steam,

and depositing abundance of calcareous matter. The fissures of the

adjacent rock are lined with spathose crystallizations, and the

acicular forms of sulphur. The vapours escaping from these fissures

consist principally of steam.

A species of Souffriere, termed the " Azufral grande," only half a

mile distant, comprises several orifices, from which heated vapours,

strongly impregnated with sixlphuretted hydrogen, are evolved ; the

sides of the cavities are coated with quantities of large crystals of

sulphur ; and the adjacent surface, for an extent of a quarter of an

acre, is covered by a variety of purely siliceous deposits, sometimes

* A detailed description of the salses of Trinidad is contained in Appendix
H. of the ' Report.'
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resembling sinter, often agatiform or chalccdonie. Probably a

solution is occasionally discharged in which the hydrate of silica is

dissolved by carbonic acid and sulphuretted hydrogen : on arriving

at the surface the excess of these gases would be volatilized, and
the siliceous matter precipitated in more or less hydrated tonus.

There was no evidence of the silica having been combined with an

alkaline base, a condition under which it has often been supposed that

that substance passed into solution. The surface, quite devoid of

vegetation, is occupied by a sandstone, also of the ''Older Parian''

series; instead of the usual reddish shade, however, it is of the purest

white, evidently from the bleaching action of the acid waters. The
mode in which the various tints are communicated to the siliceous

substances can be very distinctly traced, since the only sources of

colouring matter proceed from the sulphur deposited from the water,

and the carbon and mineral principles of the decaying leaves which

are blown from the adjacent woods. The yellow colours are due to

the sulphur, and the brown and other shades to the vegetable matter.

Additional manifestations of the same nature are stated to exist in

the vicinity ; but the opportunity for their inspection was not afforded.

These phenomena, including the thermal waters, may be due to the

same chemical activity, producing different results according to the

nature of the strata traversed by the vapours and fluids. The
derivation of the dissolved silica may perhaps lie attributed to the

cementing substance of the sandstone, the more or less hydrated

condition of this cement rendering it susceptible of solution in heated

acidulated waters.

These suppositions also readily explain how, in two adjacent cases,

the deposits should be exclusively calcareous in one, ami equally

siliceous in the other, thus corresponding with the mineral character

of the rock in which the agencies occur.

The respective areas occupied by the three groups constituting

the territory embraced within the Mb and loth parallels, and the

01st to 00th meridians, may be approximately estimated as

—

square mile*.

Caribbean 7,600 1
ft

Older Parian (I/>wcr Cretaceous) . O.Ouo j
'

''n'ania -

Newer Parian (Miocene '.') MO.'jOO Llanos.

Total.. 54,000

Several memorable earthquakes have agitated the northern littoral

of Venezuela, destroying Cumami in 1707 and Caracas in I si 'J.

A severe convulsion affected the f'onie r town and a large extent of

the adjacent surface on the lfith August, ls.",:t. The shock, which

occurred at 2 p.m., with a duration of more than .">o - nds, i«, de-

scribed as proceeding from north-east to south-west with a horizon-

tal progression, and terminating by vertical oscillations. In Cumani
scarcely a house remained uninjured, and the larger buildings, such

as the fort, bridge, college, and churches, were entirely demolished.
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Notwithstanding the constant restoration, even in 1859 every quar-

ter of the town was still encumbered with masses of ruin.

From the researches hitherto prosecuted in South America, it would
seem that the earlier systems of the Secondary epoch, viz. the Triassic

and Jurassic, are very partially represented* in the deposits of that

continent. Formations referable to the Cretaceous era are, on the

contrary, much more general, and seem to occupy vast spaces in New
Granada f, Peru f, Chili f, Brazil f, and near the Straits of Magellan f.

The organic remains from the first-mentioned region have been
shown by Von Buch and D'Orbigny to correspond very closely with

the Neocomian fauna of Europe, and even to offer a considerable

number of identical species. According to Mr. Darwin, the same
is the case with the deposits of Chili, whilst those of the Straits are

referred by M. d'Orbigny to his Upper "Neocomien" or " Aptien."

It is interesting to find this period again represented in another

province of the same great geographical region, since the " Older

Parian " formation, described in this notice, must also be associated

with the Lower Cretaceous horizon. A parallel may be suggested

between the mineral nature of the series east of Barcelona and the

hard dark limestones, the marls, and sandstones described as per-

taining to the formation in New Granada ; whilst the shaly slates of

the western range seem to resemble the indurated schists observed

near Port Famine, in the Straits.

Although equivalent to the older or Neocomian period of the Cre-

taceous epoch, yet we shovdd vainly search in Europe for any corre-

spondence with the vast development presented by this great forma-

tion in the northern part of the South American continent. We
have seen how in North-eastern Venezuela it constitutes a great

mountain-series, including summits of over 7000 feet, assuming,

according to the statements of observers, in New Granada more
colossal forms, and prevailing at elevations of upwards of 12,000 feet.

Nor is even that, perhaps, the final limit, since there is a high pro-

bability of the " Older Parian " extending along the great arc of the

eastern chain uniting Valencia and Bogota, and, consequently, of its

contributing to the structure of those still loftier heights of the

province of Merida, which attain or even surpass 14,000 feet.

These considerations may suffice to express how deep an interest

must attach to an extension of our knowledge respecting the forma-

tion in question, of which the proper exploration and description

are amongst the most important and attractive subjects awaiting the

future investigators of South-American geology.

* Bayle et Coquand, " Fossiles clu Chili," Mem. cle la Societe Greologique de

France, t. iv.

t D'Orbigny, Voyage en Anierique, Geologie et Paleontologie, Part iii.

Von Buch, Petrifications 'recueillies par Humboldt. Darwin, Voyage of the

' Beagle,' G-eology, Part iii. pp. 151, 180, &c. Pictet, Paleontologie, ii. p. 54.
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2. On the Coexistence of Max with certnin K.vtixct UrAnnrrKDs,
proved by Fossil Hoxes, from rarions Pleistoc i:.vi; iJijtusits, Inuring

Incisions nuuh hg sharj> /nstrummtti. ]iy M. 1!. Laktet, Foreign

Member of the Geological Society.

[In a Letter to the President.]

You have been good enough to offer to communicate to the Geological

Society of London the observations which I have for some time past

made upon fossil bones exhibiting evident impressions of human
agency. The specimens of them which 1 showed to yon yesterday

were those only whose origin is authentic, and which were obtained

from deposits well defined in regard to geological relations. Tims
the fragments of the Aurochs exhibiting very deep incisions, apparently

made by an instrument having a waved edge, and the portion of the

skull of the Megaveroa Hihernictts, in which I thought I recognized

significant marks of the mutilation and Haying of a recently slain

animal, were obtained from the lowest layer in the cutting of the Canal

do l'Ourcq. near Paris. These very specimens are figured or men-
tioned by Cuvicr (Oas. Fossiles, 4to. 1823, torn. iv. pi. 6. fig. 9, M.
Jlibernicus) ; and Alex. Urongniart (Deser.dcs Environs de Paris. 4to.

1822, p. o(J2, pi. 1 a. fig. 10) has given a detailed description of the

deposit, consisting of distinct layers, which he considers to be of

higher antiquity than those of the valleys. The bones of the Aurochs
and the Mrijaa ros were found in the same layer as the remains of

the Klephant
(
I'llephtis primigi uiiis) of which Cuvicr has given figures

of two molars, which, according to that author, had not been rolled,

and were found under circumstances which showed that they were
in an original and not in a remanie deposit. 1 have said that the

dee]) incisions on the bone of an Aurochs from the cutting of the

Canal de l'Oinvq (which you may remember 1 showed you in the

Gallery of the Jardin des Plantes) appeal to have been made by an
instrument with a waved edge. By this 1 meant an instrument

having an edge with slight transverse inflections, so as to produce,

by cutting obliquely through the bone, a plane of section somewhat
undulated. The cut seems to have been made by a hatchet not

entirely finished—a state in which the greatest part of the flint im-
plements from St. Achcul, near Amiens, seem to be ; but in the

marked bones of Abbeville and other ancient localities the incisions

must have been mad. by rectilinear edges. These considerations

would lead us to think that, independently of the case of the hatchets

simply chipped and roughed out, the place for the manufacture of

which might be near that w hen they are now found, those primitive

people must have been provided with more perfect instruments, such

as would be more suited to their ordinary wants. 1 should there-

fore hesitate to adopt the system (too absolute, in my opinion) of

Mr. "Wnrsnac. who distinguishes the first subdivision of tl Stone

Period'* by hatchets that are merely chipped, to the exclusion of

those that are polished, \\hi>h he assigns to the second subdivision.

It is to be presumed that the want of instruments with polished sur-

faces and having a fine cutting edgo must have been felt fan the
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earliest time, when the people had learned to fix, by a much more
difficult process, to flints and other rocks intentional forms so well

defined.

Among the bones with incisions obtained from the sands of Abbe-
ville, there is a large antler of an extinct Stag, referred to the Cervus

JSomonensis, or the grand Bairn de la Somme of Cuvier, together with

several horns of our common Deer, which I was not able to show you.

The bones of the Rhinoceros (JRJi. tichorhinus) which I laid before

you were found at Menchecourt, a suburb of Abbeville, where there

are gravel-pits which formerlyafforded many fossil bones of Elephants,

&c, and where M. Boucher de Perthes, at a later period, obtained the

flints worked by human hands. The incisions that may be observed

on those bones are neither so deep, nor do they afford evidence so

striking, as those in the bones of the Aurochs from the Canal de

l'Oureq ; but the shallow cuts and the incisions of the bony surfaces

which may be observed upon them, especially in the articulations, have

in my eyes not less value ; for I have satisfied myself, by comparative

trials on homologous portions of existing animals, that incisions pre-

senting such appearances could only be made in fresh bones still

retaining their cartilage. As to the fragment of the horn of the

Megaceros Hibernicus, which Cuvier had received from England with-

out any indication as to where it came from, you may have observed

that it bears the marks of several blows, which have made incisions of

a depth that it would be impossible to produce in the present state of

mineralization of that fragment : further, the blow which detached

that piece from the rest of the horn must have been given before

that immersion in the sea which caused its fossilized condition ; for

in the internal cavity of this fragment there was found the valve of

an Anomia (preserved with the specimen), which could not have found

its way there except at the place of fracture. I have observed very

significant marks, evidently produced by a sharp tool, on the horn of

a young Megaceros which the late M. Alcide d'Orbigny had received

from Ireland some years ago.

I would call to your recollection that the Rev. John Cumming, in

his geological description of the Isle of Man (Quarterly Journal of

the Geological Society, vol. ii. p. 345), notices the occurrence of the

remains of the Megaceros imbedded in blue marl " with implements

of human art and industry, though of an uncouth and ancient cha-

racter ; " and in a note at the foot of page 344, aUuding to a submarine

forest, to which he is inclined to assign a more ancient date, he says,

" It is singular that the trunk of an oak tree, which has been removed
from the submerged forest at Strandhall, exhibits upon its surface

the marks of a hatchet." With regard to the historical existence of

the Megaceros, after referring to what is to be found in the works of

Oppian, of Julius Capitolinus, and S. Miinster *, I have found nothing

* For the text of Oppian I have consulted the French translation of the poem
" dela Chasse " by Belin de Ballu (1787), chant second, p. 42. Julius Capitolinus

is quoted by Aldrovandus, ' de Q.uadrupedibus bisulcis,' lib. i. c. xxviii. p. 857.

Aldrovandus explains why he has changed his opinions after having received

from an English physician the head of {Megaceros) Euryceros, which he has
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which appears to mc to justify in this respect the opinion put forth

by Dr. Hibbert, and since then accepted by other palaeontologists,

except Professor Owen, who, speaking of the Mojactros of the Bri-

tish Isles, entirely dissents from the opinion of Dr. Ilibbert. All

the remains of that animal found on this side of the Channel, which
I have examined, belong to deposits ofgreater antiquity than that of

the peat-bogs.

M. Delesse has shown you fragments of bone that have been sawn,
which he recently obtained from a deposit in the neighbourhood of

Paris, where he had previously collected remains of the Beaver, the Ox,
and the Horse. From an examination of these fragments, I have
satisfied myself, by experiments on recent bones, that the action of

a metallic saw would not produce the transversally striated plane of

section which you must have observed on those ancient bones collected

by M . Delesse ; but I have obtained analogous results by employing
as a saw those flint knives, or splinters with a sharp chisel-edge, found
in the sands of Abbeville.

If, therefore, the presence of worked flints in the diluvial banks of

the Somme, long since brought to light by M. Boucher de Perthes,

and more recently confirmed by the rigorous verifications of several

of your learned fellow-countrymen, have established the certainty of

the existence of Man at the time when those ancient erratic deposits

were formed, the traces of an intentional operation on the bones of

the Rhinoceros, the Aurochs, the ATegaceros, the Cervits Somonensis,

<fec, supply equally the inductive demonstration of the contempora-

neity of those species with the human race.

It is true that certain of those species, the Cervus ehtphus of

Li mucus (the same as your Bed-deer or Stag) and the Aurochs, are

still represented in existing nature : but although it be exactly the

bones of the Aurochs which exhibit the most evident proof of human
action, the fact is not of less value as regards the relative antiquity

;

for the remains of the Aurochs have been found associated in the

same beds with those of Eh/tha* and Mo/ao /</.<, not, as I have already

said, by the effect of a remaniciiunf, but in an original inhumation.

Moreover, fossil remains of the same Aurochs have been found in

England, in France, and in Italy, in pnvglaeial deposits (that is,

in deposits anterior to the most ancient pleistocene formations im-

bedding bones of /!/> ]>fi<is f>r>itii<ji nius and Rlti nor, run tichorhimut). I

would add. that the more rigorous observation <»f facts tends dearly

to demonstrate that a great proportion of our living Mammifers have

been contemporaneous with those two great extinct species, the first

appearance of which in Western Kumpe must have been preceded by

that of several of our still existing quadrupeds.

figured. There is another eitntion, ami some conclusion* interesting to rend, nt

page 712 of the same work.

With regard to S. Mwii-t.-r. I haw n l I ik.-n n iti.-e <>f more than plate U.

fig. "J. of his ' C'osmogrnphia lniver*nlis.' Hut yon will find hi* text reproduced

and interpreted hy Dr. Ilihhert in the ' Kdinhurgh Journal of S. u ii •.' K'KI,

vol. ii. p. .".i»7. Dr. Hihhert hat likewise given the Inures <>f Minuter, which are

evidently funtani i. al. ai admitted hv tin." most eminent men of -k'ieniv in Germany

VOL. XVI.— PASS r. - M
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In endeavouring to connect those proofs of the antiquity of the

human race with the geological and geographical changes which
have since taken place, I have not met with any more precise induc-

tion than that offered by M. d'Archiac, viz. the relative epoch of

the separation of England from the Continent. The former con-

nexion of the two is a fact generally admitted : it is proved by the

similarity in structure of the opposite sides of the Channel, by the

identity of species of terrestrial animals, the original intermigration

of which could only have been effected by the existence of terra

firma. M. d'Archiac (Bull, de la Soc. Geol. de France, ]>e serie,

t. x. p. 220, and Histoire des Progres, &c, t. ii. pp. 127 & 170)
has been led, by a series of well-weighed inductions from stratigra-

phical considerations, to consider the epoch of the separation of the

British Islands as occurring after the deposition of the diluvial rolled

pebbles, and before that of the ancient alluvium, the Loess of the

North of France, of Belgium, the Valley of the Rhine, &e. The in-

ference to be drawn from that hypothesis is self-evident : it is this,

that the primitive people to whom we attribute the hatchets and
other worked flints of Amiens and Abbeville might have communi-
cated with the existing land of England by dry land, inasmuch as

the separation did not take place until after the deposit of the rolled

diluvial pebbles, from among which the hatchets and worked flints

have been collected. On the other hand, M. EKe de Beaumont
having assigned the production of the erratic phenomena existing in

our valleys to the last dislocation of the Alps, we should be author-

ized to conclude from this second hypothesis, that the worked flints

carried along with the pebbles in that erratic deposit in the bottom
of the valleys afford a proof of the existence of Man at an epoch when
Central Europe had not yet reached the completion of its present

great orographic relief.

While it has been held that no change has taken place in the great

lines of level since the formation of the erratic deposits in the lower

parts of our valleys, and although such changes cannot be distinctly

traced in the central parts of the continents,from the absence of stand-

ards of comparison, they are not the less easy to be recognized as

having occurred, even since the existence of Man, throughout the

whole extent of the European coasts, from the Gulf of Bothnia to the

very eastern extremity of the Mediterranean. They have been ob-

served by different authors on a considerable number of points of the

coast, where they have verified the existence of objects of human
industry in deposits of marine origin, raised up at different elevations

above the sea-level. Such changes, be they the result of action more
or less violent, of movements more or less sudden, have not amounted
to catastrophes so general as to affect to a sensible degree the regular

succession of organized beings.

We find incontestable proof of this in the British Islands, whither

the most considerable number of terrestrial species must necessarily

have immigrated prior to the separation of those islands from the

Continent, and where they have established themselves and have

continued by successive generations to the present day. The same
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thing has occurred on the Continent, where the same terrestrial fuuna

lias continued without any other modifications than the geographical

displacement of certain species and the final disappearance of some
others—disappearances that have resulted, not from a .simultaneous

destruction, but rather from a series of successive extinctions which
appear to havo been equally gradual as regards space and time.

I may add to what I havo stated above, that the finding of

worked Hints in the diluvium of Amiens and Abbeville is by no

means an isolated fact. M. Gosso of Geneva, a young medical stu-

dent in Paris, has recently discovered in the sands of the Parisian

.suburb of Grenelle, of tho same age as those of Abbeville and of

other parts of Europe, a flint hatchet of a most distinct form,

together with knives or thin plates split in a longitudinal direction.

I myself have had an opportunity of verifying these fads in the col-

lection formed by that skdful explorer. He has shown mo an Ele-

phant's tooth, a eanino tooth of a large Feline animal, and bones of

the Aurochs, Horse, &c, all obtained from the same sands and from

the same bed in which the Hint hatchet was found.

I may add that, among the bones obtained in Switzerland under

the lacustrine habitations of the Stone Period (in the lakes of Moos-
dorf, lfienne, and others), thero never have been found any remains

of the Megaceros, although the remains of the Elk, the Aurochs, and
the Bos pri/migenius arc by no means rare. In Denmark, where
still more ancient stations have been carefully examined with the

same object, Prof. Stccnstrup has ussurcd mo that ho has never

discovered the smallest fragment of the Megaceros in the midst of the

most abundant n mains of the ltcindecr, Kik, Aurochs, and other

species of animals which from time immemorial have not existed in

that region. Nevertheless tin s.- primitive stations in Denmark are

referred back to a period when no other domestic animal existed in

that country except the Dog. No remains have been found either ol

the Horse, Sheep, or Goat,—not even any kind of dwarf Ox.

If, Sir, you are of opinion that tho above notes, drawn up in haste,

are likely to prove interesting to tho Geological Society of Jxmdon.

I should la; happy if you would submit them to the enlightened

judgment of your learned associates, audit they will receive them
at tho same time as a mark of my deference, and as a feeble ex-

pression of the profound gratitude 1 feel for tin- honour conferred

upon me by my name having been inscribed among the Foreign

Members of that Society.

A'hlition hg the President.

In the foregoing communication, M.Lartet ban referred to my friend

M. I>elesse having shown me some fragments of hone hearing inci-

sion.-, made by a sharp instrument, which he had recently discovered

in the neighbourhood of Pang, He presented mo with one of t hone

which he had submitted to the examination of M. I nt. t. and which

I now lay bcloiv the Society, together with the following copy of a

note 1 received from M. Delete di bribing thi> specimen :
—

a m 2
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" I send you a fragment of a rib which I recently found at Ver, in

the department of the Seine et Oise, about nine leagues from Paris,

at the depth of three metres (nearly ten feet), in a kind of cleft filled

by the diluvial soil (le terrain diluvien), occurring with the sandstone

and sands belonging to the ctage denominated les sables de Beau-
champ. It was associated with divers bones of the Stag and Horse,

and also of an animal no longer existing in the country, namely, the

Beaver. I have submitted this fragment to M. Lartet, with whose
profound scientific attainments you are well acquainted ; but he has

not been able to decide whether it belongs to a species of quadruped

still living, or to one now extinct. But he considers this small frag-

ment of a rib very interesting, from its having at one extremity traces

of a rude operation of sawing, and presenting an appearance very

different from that which would be produced by a metallic blade or

by a saw. M. Lartet did not rest satisfied with a mere conjecture,

but ascertained by experiments on a fresh rib of an Ox that a me-
tallic blade produced a uniform and almost a smooth cut. Hence he
concludes that the rib in question had been sawn by a flint with a

jagged edge. Taking a splinter of flint with a chisel-edge from the

sands of Abbeville, he easily sawed a fresh rib, but always obtained

an uneven, irregular cut (des surfaces de resection avec reprises nom-
breuses), such as may be observed, on the specimen I send you. There

is therefore every reason to believe that this rib had been sawn by
a flint, and it affords proof of Man having lived in France at the

same time as the Beaver, an animal no longer existing with us ; and
M. Lartet has thus supplied a new and elegant demonstration of the

contemporaneity of Man and quadrupeds during the period of the

Terrains diluviens." L. H.

Subsequent addition by the President.

The day after the above communication was read, on showing the

fragment of bone given to me by M. Delesse above referred to, it

was observed that it had a remarkably fresh appearance, that it did

not adhere (hopper) to the tongue as fossil bones usually do, and
that thus a doubt might exist as to its assumed antiqiuty. After

hearing this remark, I exposed a minute fragment to the flame of a
candle, when it gave out the odour of burnt animal matter; and on
immersing another fragment in hydrochloric acid, after effervescence,

a soft gelatinous substance, nearly the size of the original fragment,

was left. Knowing full well that M. Delesse and M. Lartet would
cordially agree on the importance of the most scrupulous investiga-

tion of every fact produced in evidence on this recently-agitated

question of the antiquity of Man, I communicated to both of them
what I have stated above respecting this bone. I received immedi-
ately answers from them ; and these, with their leave, I now give,

not only because of their confirmation of the opinions they formerly

expressed, but as containing some additional remarks of much
interest.
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M. Delesse, in his letter dated the 19th instant, says :

—

'• The specimen of the rib which 1 gave you was incontestably

found in a sand-pit (sabloni&re), where it was associated with the

hones of animals no longer existing in the country—as, for example,

the Beaver* 1 would observe that the presence of gelatine can in

no way he opposed to the antiquity of that rib. I have only just

now brought to a conclusion a long series of researches by which 1

have shown that bones even of a high antiquity still retain a notable

proportion of organic matter. If you take the bones of an Ichthyo-

saurus from the Lias, or of reptiles from the Muschelkalk, you will

easily satisfy yourself that, in spite of their great antiquity, they still

contain a very notable proportion of organic matter. Coprolites from
the oldest formations contain it. On the other hand, bones compa-
ratively recent, such, for instance, as those found in caverns or in

travelled materials, have no great amount of organic matter. In

brief, the preservation of organic matter in bones is very irregular

;

it depends on the nature of the rock in which they arc found at

least quite as much as on their antiquity.

" I pronounce no opinion as to the nature of the instrument that

had been employed in sawing that rib, for I made no experiments on

the subject; but M. Lartet. whose caution and sagacity are known to

you, made a special examination of the question along with eminent
physiologists ; and they had no doubt that the rib had been out by
a shaii) hint.'' A. D.

M. Lartet, in his letter dated the 22nd instant, states as follows:—
I am sorry to learn that a somewhat hasty objection has been

made to the pahcontological value of the fragment of bono which you
exhibited. 1 have no right to give any opinion regarding the lo-

cality where it was found, because I have not visited it : but the

opinion of M. Delesse, who had an opportunity of examining all its

geological features, is deserving of all confidence. Among the other

fossil remains which he found in that locality, there is a fragment of

bone of a Horse, having also traces of human agency, and which is in

a much more altered condition than that of the bono he gave you ;

but there is another fragment, al-o bearing the mark of a saw, the

appearance of which is quite as fresh as the specimen in your posses-

sion ; nevertheless, when we endeavoured to authenticate this frag-

ment specifically, we were unable to do so by comparing it with the

homologous part in the .skeleton of our living animals.

••It is moreover important to remark that, in any given locality,

all the bones collected do not present the same degree of organic,

change. That depends, first, on their anatomical structure being

moro or less compuct according to the specios, and again, obiefly

on the composition and physical condition of the mineral matter in

which they have been in immediate and prolonged contact. Mr.

Hart, in his description of the Mfjucrroa //iWrnViw
(
Dublin, INIO),

states that a fragment of a rib analysed by Dr. Stokes yielded \2 ^7

per cent, of animal matter; and Dr. Apjohn, who analysed another
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portion of a rib, states as follows :
—

' The bone was subjected for two

days to the action of dilute muriatic acid ; and when examined at

the end of this period, it had become as flexible as a recent bone

submitted to the action of the same solvent. The cartilage and

gelatine had not been perceptibly altered by time.' It is long since

the observation was made by many other persons, and especially by
Schmerling (Eecherches sur les ossements cles cavernes de la pro-

vince de Liege, 4to. 1833, lere par. pp. 18-52) ; and the remarkable

researches on this subject recently made by M. Delesse, and which

he is about to publish, have demonstrated that the organic change

in bones by no means bears a relation to their palseontologieal an-

tiquity. For example, he has found that the teeth of the bone-bed

in the Upper Keuper at Oberbronn contain more azotized organic

matter than most of the tusks of the Mastodon and Elephant found

in tertiary or diluvial deposits. The amount of azote which they

yield is even almost double that in the tusks of the Mastodon in the

Miocene limestone of Sansan or in the Miocene deposits of the Upper
Garonne. Thus it is evident that, if the amount of organic matter

generally diminishes in proportion as the age increases, there are,

nevertheless, exceptions to that general rule.

" As to external appearance, that depends also on the circum-

stances of the locality. It is not long since a large number of bones

of the Hycma spelcea were sent xo me, which had been obtained from

an ancient alluvial deposit in the centre of France. They were in no

degree changed in weight or colour, and in external appearance they

were quite as fresh, if not more so than the fragment given to you
by M. Delesse. I have some of them now in my possession ; and
they are still so much impregnated with animal matter, that I was
able with the utmost ease to saw and cut them with a flint knife.

On the other hand, I have now before me a statuette made of stag's

horn, obtained from a grave at the external base of a barrow, cer-

tainly not older than the 12th century, the substance of which is so

much altered that it might be said to be fossilized, in a certain sense

of the term, as much as the greater part of those found in caverns or

diluvium. Hence we perceive that the greater or less amount of

alteration in bones is not a character from which we can absolutely

determine their palseontological antiquity.

" "With regard to the mode by which the fossil bones of M. Delesse

have been sawn, I must confess that at first sight I thought, as M.
Desnoyers did, that the operation must have been performed with a

metallic plate ; but upon a more attentive examination of recent bones,

I became convinced that the peculiar appearance presented by the

section of one of the bones in the possession of M. Delesse must have

been produced by the employment of a sharp tool offlint, rather than

by a metallic plate, which has always given me a section with a very

different surface. I send you the extremity of a tooth of Hycena

spelcea, which has been sawn by a flint. If you examine with a

magnifying glass the plane of the section, you will find the same

system of strice as are observed in the bones collected by M. Delesse,
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sawn with the same kind of tool. You may further satisfy your-
self that in this fragment nearly all tho organic matter remains,
although the tooth comes from ancient deposit."

In my letter to M. Lartet I had said that when his communica-
tion was read, Dr. Falconer ohscrved that, a considerable time ago,

Hi Marcel dc Scrres had given an account of a fossil Stag's horn that
had evidently been cut. On this M. Lartet observes—" It is very
true, as Dr. Falconer remarked, that 1C. Marcel de Scrres gave a
figure in 1839 of a Stag's horn cut and fashioned by human hanrK
I had occasion to remark that, a long time before, !M. Tournal
in 1829 (Ann. des Sc. Nat. 1829, t. xviii. pp. 242 et seq.) and
Schmerling in 1833 (he. cit.) had made similar observations. I
might myself have stated that among the bones of caverns I had
seen thoso of the Rhinoceros and the Reindeer bearing marks that

must have been mado by man ; but I was on my guard against

bringing forward those facts, because they would only have afforded

opponents an opportunity of bringing forward anew their favourite

objection, viz. ; that nothing that had been observed in caverns was
deserving of any confidence, and that the traces left by man on fossil

bones might have been made a long time after the introduction of

the bones into the caverns.'

What constitutes the whole value of my observations on tho

impressions or marks of human agency on the fossil bones found in

the diluvial deposits of Abbeville, and in the cutting of the Canal
de l'Ourcq, is this, that, once admitting the reality of thoso marks,
their relative antiquity becomes rigorously demonstrated by tho

geological circumstances of their locality being clearly defined. At
Abbeville the marked bones, as well as the flint hatchets, were found
in the dduvial gravel, which is itself covered by the Loess deposit.

In the cutting of the Canal de i'Oureq, the bones of the Aurochs and
those of the Mer/nccros Ilibcniicm were found at a depth of 7 metres

(23 feet), in a bed of earth (limon) and under other beds in normal
.stratification. They were not rolled (as Cuypt has said), and were
mixed with the remains of an Elephant, and evidently under tho

conditions of an original deposit.

" At tho meeting of tho Geological Society of Franco yesterday

evening, M. de Verneuil exhibited a worked flint hatehet and an

Elephant's tusk found in the gravel-pit of Prccy, near Creil, in the

valley of the Oise. Thus these worked flints havo been found in the

diluvium of three of our valleys—of the Bomme, the Seine, and tho

Disc."—E. L. (L. 11 km k. May 31, I860.)
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May 30, 1860.

Mark Fryar, Esq., Lecturer on Mining, &c., at the Andersonian

University, Glasgow, and Francis Duncan, Esq., Lieut. E.A.,

Halifax, were elected Fellows. Dr. Henry Milne-Edwards, Professor

of Zoology &c, Jardin des Plantes, Paris, was elected a Foreign

Member.

The following communications were read :

—

1. On certain Eocks of Miocene Age in Tuscany, including Ser-

pentine, Copper-ores, Lignite, and pure Alabaster, used in

Scidpture. ByAV. P. Jervis, Esq., F.Gr.S.

[Abstract.]

The geology of Tuscany is peculiarly interesting, though presenting

many difficulties to the palaeontologist and field-geologist, owing to

the diversified changes which have been produced on the sedimentary

strata since their consolidation.

These metamorphic agencies are still at work .in Central and

Southern Italy, either in the form of simple hot vapour-emanations,

or the more extended and allied volcanos whence solid matter is also

ejected. On the other hand, no such phenomena are seen 1ST. of the

Arno, where nature has been comparatively quiescent since the close

of the Miocene period.

Most of the metamorphoses of the Italian rocks appear to be of

comparatively recent origin ; nor can I find any proof of their exist-

ence at all previous to the close of the Mesozoic period or the be-

ginning of the Eocene. Serpentinous rocks then first upheaved the

littoral of Piedmont and Tuscany, where they formed the eastern

barrier of the Maremme,—probably producing an archipelago of

little islands surrounded by an iron-bound coast, many of them
rising to the height of several hundred feet, covered by a peculiar

flora in certain portions where soil was formed by the disintegration

of the magnesian rocks. Four consecutive and allied eruptions are

distinguished by Italian geologists. Three are considered as having

occurred during Tertiary times; the fourth, during the Mesozoic

epoch, is the oldest, and must be first spoken of.

The geography of the Serpentine-eruptions has been described by
Savi, who enumerates four series, lying more or less parallel to the

chain of the Apennines. Throughout the whole of Italy, the litho-

logical appearance of each successive eruption is so typical that it

may be easily borne in mind, arising from the fact that the elements

of which they are composed have a widely different chemical consti-

tution—probably due to the then molten matter having been ejected

from different depths, perhaps even from different foci. In order to

describe the Miocene eruptive rocks, we must first refer to the pre-

existing eruptions to which I have just alluded ; otherwise the phe-

nomena which present themselves will not be so well understood.

I. Diallagic Serpentine.—Never enclosing fragments of Tertiary
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rocks
;
piercing the Upper Cretaceous beds

j
prevailing colour deep

olive- or leek-green, with metallic-looking grey or blackish crystals

of bronzite, generally not exceeding a quarter of an inch in length
;

extremely compact and difficult to cut
;
susceptible of a fine polish

(whence its employment in architecture); never accompanied by ores.

II. Euphotide or Oranitone.—Typical form a very dense rock,

with large crystals of diallagc and milk-white or slightly steel-grey

crystals of felspar of the hardest kind. The latter are replaced in

some localities wholly or in part by steatite—as at Impruneta, where
the diallage is easily cleaved by the nail : this is fawn-coloured, and
when in large crystals, from its softness, renders the rock untit for

building-purposes, the constituent parts having very unequal hard-

ness. In contact with the diallagic serpentine it produces a meta-
morphism of that rock, originating the •' Kanocchiaja.'' The latter

is only found within a few yards of the contact of the two eruptive

rocks, and is therefore difficult to procure in considerable quantities.

It is streaked over with green and yellow markings, which anasto-

mose like capillary blood-vessels. The margin of the euphotide in

contact with the serpentine is often even and smooth, as if Motion
had taken place : frequently a space of an inch or two may be Been

between the surfaces, evidently produced during the act of cooling.

Near Matarana (Liguria), within a few yards of the serpentine the

euphotide contains crystals of diallage half an inch in length, their

size diminishing to a quarter of an inch at the junction with the older

rock—whence also it is proved to be the newer of the two. In
receding in the contrary direction, the crystals of diallage arc per-

fectly developed, and H inch long.

III. Diorile {Greenstone).—Penetrating the former: like it, of

Eocene origin : may be seen in the neighbourhood of Miemmo, at

the bottom of the copper-mine of Monte Catini, <fec.

The dioritc and serpentine acting on the Eocene " macigno," a
micaceous sandstone, has produced the "gabbro rosso," a brick-red

schistose rock, in which the ancient stratification is sometimes clearly

visible, though the rock is often broken up into fragments, rendering

it very difficult to obtain specimens a foot long without flaws. The
Btrata are extremely contorted, and in some places have evidently

been so alten-d by igneous action in contact w ith neighbouring rocks

as to have the appearance of having been themselves erupted.

IV. StrjntitiiK without DiaUtuje (locally termed " gabbro verde "),

•—This rock is at once distinguished from the older serpentine, as it

never contains diallage— silicate of magnesia preponderating. White
steatite is frequently found in it in such large quantities as to impart

a soapy feel : the absence of bronzite causes it to be wanting in the

hardness and strength of the older serpentine.

being the first of a 860061 of ph< imineiia ( ,f the Mi... ene period, I

will describe it more fully. This " gabbro " is sufficient!) soft to

be quarried with a pickaxe, while the diallagic serpentine requires

to be blasted with gunpowder. Kx posed to tin- great \\< issitudes of

Italian climate, the gabbro becomes very friable, the surface readily

crumbles, and it weathers to a considerable depth : a kind of st< -atitic
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clay is produced by its disintegration. The colour varies in different

places, though in general consisting of yellow and green, imperfectly

mixed. The colouring matter is oxide of iron or manganese; in

some cases, as much as 2 per cent, of oxide of chromium.

The surface of the rock has frequently a polished greasy appear-

ance, though the form is not so regular as our " slickensides," which

are perfectly flat. Here the margin does not present any planes,

but has followed the sinuosities of the rock against which friction

has taken place. Its structure is so incoherent that a blow with a

hammer shatters a mass into small fragments; though in subterranean

galleries much pervaded with water it appears to acquire much
tenacity. Gabbro seems to me to be in many places a decomposing

rock.

The topographical appearance of the serpentine-eruptions is very

characteristic : there is an entire absence of those undulating chains

or eminences, melting insensibly into one another, which enable us

to classify hills into groups. These rocks form dykes, but more

generally constitute whole hills of conical form, rising abruptly to a

considerable height, and terminating in rugged, sharp summits. The
older rocks have been much upturned and elevated, and are thrown

off in every direction,—the serpentine, forming the nucleus of the

mountains so abundant along the west coast of Tuscany, Modena,

and Piedmont, generally reaching the surface somewhere near the

centre, forming (if I may be permitted the expression) a " pericli-

nal" axis.

The older rocks, nearer the focus of action, are the most disturbed.

No feature regarding this serpentine is more important than that of

its being almost invariably accompanied by rich ores of copper at its

junction with the metamorphosed schists or gabbro rosso. These

two rocks, similar in name, are entirely distinct in most other

respects: one is an aqueous, the other' an igneous rock.

Many minerals are peculiar to the junction of the gabbro rosso

and the Miocene serpentine ;
they are chiefly zeolites. The com-

monest is caporcianite, a white crystalline mineral, tinged with

pink, in structure resembling analcime. These zeolites all contain

magnesia. They are,

—

Miemmite (dolomite) contains 42-5 per cent, of magnesia ; " gab-

bro," from La Spezia, 24-4.

Calcareous spar also occurs in limpid and extremely obtuse rhom-
bohedral crystals ; it probably owes its origin to the metamorphosis

of the limestones. I consider all these minerals to have been pro-

duced at the period of the intrusion of the Miocene serpentine, from

whence they doubtless derived their magnesia. It is also interesting

Magnesia
per cent.

Magnesia
per cent.

Savite, containing .... 13-50

Schneiderite 11-03

Picranalcime 10-25

Picrotomsonite 6-27

Portite

Sloanite

Humboldtite
Caporcianite

4-87

2-67
2-12

1-11
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to find that large quantities of the limestone in the neighbourhood

have been altered into dolomites,—the miemmite, a delicate greenish

rook of the same colour as aquamarine, being a double carbonate of

limo and magnesia.

The copper from the serpentine is not associated with galena and
blende as with us, but is accompanied by many asbestiform minerals.

The action of the serpentines on the limestones which they have
traversed is very varied. Near Matarana I noticed the action on a

mouse-coloured limestone, where peroxide of iron had imparted a

brick-red tinge to various parts of the mass. "Within a yard or two of

the Berpcntine the rock had been apparently broken into fragments,

which had been cemented by delicate veins of serpentine ilowing

into and filling up the cracks. This beautiful mctamorphic rock,

called " Ofiocaicc,*' is, in fact, calcareous serpentine : it forms a rich

combination of colours—deep red and dark green, with interlacing

veins of pure-white calcareous spar. I would offer this explanation :

total decomposition of the linicstono was prevented by the pressure;

the carbonic acid was partially expelled ; the heat decomposed the

carbonate of iron which was present in minute quantities, and com-
pletely peroxidized its protoxide of iron, which, being no longer iso-

morphous with the pure carbonate of lime, was rejected as the latter

crystallized out in various parts. It' I am not mistaken, this would
prove that the crystallization of carbonate of lime in prisms (as

arragonite) only takes place within limited deijrees of temperature,

above and below which the crystalline system is the Hexagonal.

The copper-mine of Monte Cutini is found at the junction of the

gabbro rosso and the Miocene .serpentine; the ore is invariably in

the latter. It is one of the finest to be seen anywhere, and dates at

least from the Florentine republic: Co>mo I. reopened it in \~)IV2
;

but it was not regularly worked, and, from want of experience, little

was done until 1837* The indications appear to have been very

favourable at the outset ; but the successive proprietors failed to

realize their desires, until tho present company sunk to a depth of

400 feet, following the indications of ore or " vein" lying E. and W
.,

dipping at an anglo of 45° S.
;
they then found an immense moss

of copper-ore, from whence they extracted 830 tons : about 100 feet

lower a second deposit bus lately been reached, the breadth of which

1 should estimate at 00 feet. The various ores of copper are met
with in rounded musses, enveloped in M i-pentine ; tin nodules con-

stitute a species of conglomerate,—somo of the masses being ore, others

boulders of serpentine, dispersed through a matrix of htcatitie clay.

The nodules on being broken open are found to contain -hah opyrites,

or bornite, more rarely oxide of copper, grey copper, and native

copper. In physical appearance the chalcopvrites differs entirely

from that obtained from our mines: thus it is not lamellar or I
ry-

stallized, but bard, compact, and massive, and bus precisely the same
structure us bornite, into which it insensibly passes in the same
nodules. This pyrites is not mixed up with gunguc, but perf. < tly

pure, which can be accounted for by the expulsion of impurities,

favoured, as it must have been, by the nodular couditiou of tho
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masses. The friction has produced a considerable quantity of frag-

mentary pyrites of the size of gravel, which is all washed and em-
ployed. I believe I am correct in asserting that iron-pyrites is

nowhere found with the serpentine, even along with the ores of

copper. One of the greatest advantages in working these mines
is the softness of the steatitic rock. Other mines are established at

Libbiano, Monte Castelli, &c. : they are newer, and have been hitherto

less fortunate. Most probably, as Prof. Pilla observed, the deposits

whence the rich outlying indications proceeded will be met with
further down.

Closely associated with the serpentine, chalcedony is found in large

quantities north of MonteVerdi; it occurs in regular veins, of consider-

able size. The mineral is found in blocks smooth at the surface and
mammillated internally—often cavernous. I saw some remarkable

masses, several feet long, in which small pieces had been cemented
together by a fresh development of chalcedony, resulting in a com-
pact siliceous conglomerate without any flaw. The pebbles were
principally buff-coloured or green, the cement colourless. The
neighbourhood affords specimens showing every gradation between
opaque black flint, jasper, agate, chalcedony, and waxy opal.

Alabaster.—Pure-white alabaster is, I believe, peculiar toWestern

Tuscany, where it occurs in the Yal di Marmolajo, twenty-five miles

from Volterra, and eighteen from Leghorn. It is found in smooth
ovoidal masses, sometimes attaining three feet in diameter.

The general section is :

—

1. 6 feet light-blue bituminous marl.

2. 6 ,, greyish marls with selenite.

3. 6 „ bituminous marls.

4. 5 to 10 „ marls and clays containing masses of alabaster,

irregularly disseminated.

5. 6 to 10 „ marls and clays, and gypsum-beds with bitu-

minoxis odour. Beds like No. 1.

6-10. Alternations of strata like the above ; three of them
containing alabaster.

Pure alabaster is not found in direct contact with tbe surrounding

strata, but enclosed in an envelope of ochrey-yellow selenitic marl, at

least an inch thick, firmly adhering to the surface ; it is worked by
pits, entrance being effected laterally, or by wide shafts. The distance

between the lumps is frequently many yards ; four or five rows occur

irregularly disseminated. None but the pure white is extracted in the

Yal di Marmolajo. In the numerous interstices or fissures between
the marly strata, often an inch or two wide, are found splendid

limpid crystals of selenite attaining nine inches in length.

Pure alabaster is confined to the Miocene in Tuscany ; but the

coloured varieties extend into the Pliocene beds, and are even being

produced at the present day. The heat to which the alabaster-beds

have been subjected was very inferior to that of the sofiioni, whence
boracic acid emanates, as I have elsewhere pointed out*, and where

* See Journal of Soc. of Arts, May 23, 18G0, and several successive papers in

the same periodical.



1800.] JEBVIfl—MIOCF.XF. BOCKS OF TUSCANY. 486

anhydrite is occasionally produced. Gypsum is widely distributed

where serpentine is found to pierce limestones. 1 chiefly noticed it

at Matarana and Jano.

Lignitt

.

—The Italian peninsula presents no " Carboniferous " coal,

with the exception of isolated plants converted into anthracite, as at

Jano; Miocene lignites, on the other hand, arc ahundant. Their

area is limited, the heds being often much upturned. At Sarzanello,

Piedmont, they lie at an angle of G5° : the first bed is 7 inches thick
;

then follows (J feet of highly bituminous schists, which undergo
spontaneous combustion on exposure to the air

;
lastly G£ feet of an-

thracite-looking coal, employed by the Sardinian steam-navy.
I made the following section of the pit of Castiani in the Ma-

remme ;

—

Fossil fish-remains and leaves of exogenous trees are found in the

shales accompanying the lignite.

The famous colliery of Monte l.amboli is the most extensive in

Tuscany. A section gave the following :

—

under which comes Alberese breccia.

Besides leaves of exogenous plants, I procured remains of Anthra-
cotheriniii ; more rarely the carapaces of Tortoises have been found in

the shales. It would be out of place here to speak of the economic

advantages of using this lignite ; however, il is so thoroughly mine-

ralized as to resemble our Newcastle bituminous coal, and, as such,

has been used in several steam-vessels, and in 1 1 1
- arsenal at (onoa,

as well as for the manufacture of rails and gas: it is said to produce

excellent coke.

In conclusion, the following is a list of the principal minerals

found in the Tuscan Mion-nc rocks:

—

54*00 metres of clay.

3-30 „ lignite.

9-00 „ clay.

1-00 „ good lignite.

ft. in.

1st bed of Lignite 4 2
limestone containing Mijtilus Brardi 3 4
2nd bed of Lignite 2

In III. Marin.

1, Alabaster; (Jypsum ; Schnite.

In vtlns n idi S> ,-/>• nli n<'

.

2. Jasper; Siliceous brec ia ; C'hahedoiiv.

3. Opal.
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In Serpentine.

4. Serpentine rock, common and noble (never contains diallage)

;

Metaxite; Picrolite.

5. Asbestos ; Atnianthus ; " Mountain-wood."
6. Calc-spar, in places converted into Miemmite (Dolomite)

—

In " Gabhro rosso ;
" apparently metamorphosed minerals.

16. Caporcianite

—

3(MgO. CaO)2Si0 3+ 3Al2 3
. 2Si0 3+ 9HO.

17. Savite—
3(MgO. NaO)2Si0 3 +Al2 3

. Si0 3+ 2HO.

18. Schneiderite

—

3(MgO. CaO)2Si0 3+ 3Al2 3
. 2Si0 3+ 3HO.

19. Picranalcime— •
•

3MgO. 2Si0 3+3AP0 3
. 2Si0 3+ OHO.

20. Sloanite—
3(CaO. MgO)2Si0 3+ 5Al2 3

. Si0 3+ 9HO.

21. Picrotomsonite

—

2[3(MgO. CaO)Si0 3

] -j-5Al2

Q
3

, Si0
3+ 9HO.

22. Portite

3(CaO. MgO)2Si0 3+ 4(Al2 3
. 2Si0 3

)+ 7HO.

23. Hnmboldtite (Datbolite)—

2(3Ca0.4Si0 3+ 3CaO.B0 3

)+4MgO+2HO.

2. On the Ossiferous Caves of the Peninsula of Gower, in Glamor-
ganshire, South "Wales. By H. Falconer, M.D., F.E.S., F.G.S.

With an Appendix, on a Baised Beach in Mewslade Bat, and
the Occurrence of the Boulder-clay on Cefn-t-brtn

;
by J.

Prestwich, Esq., F.E.S., Treas. G. S.

(CaO.MgO)CO2
.

7. Quartz.

8. Native copper Cu.

9. Bed oxide of copper Cu20.

10. Grey copper Fe4 Cu1G Sb 6 S21
.

11. Bornite FeS+ 2Cu2
S,

12. Chalcopyrites FeS+ CuS.

13. Cbrysocolla Cu0.2Si0 3
-|-

14. Malachite 2CuO.C0 2+
15. Azurite 3Cu0.2C0 2

-|

[The reading of this paper was commenced.]
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June 13, I860,

SPECIAL GENERAL MEETING.

It was resolved that the future Meetings of tho Society shall be
held in the Hall of Burlington House.

ORDIN;LRY GENERAL MEETING.

George Angus. Esq., 3 Harcourt Buildings, Inner Temple; Her-
bert T. James, Esq., Drumkecran, Co. Leitrim ; and Henry Ward,
Esq., Oaklands, Wolverhampton, were elected Fellows.

The following communications were read :

—

1. On (he Ossiferous Caves of the Peninsula o/Gower, mi Glamor-
ganshire, Soura "Walks. By H. Falconer, M.D., F.R.S., F.G.S.
With an Appendix, on a Raised Beacu in Mewslade Bay, and the

Occurrence of (he Boulder-clay on Cefn-y-beyn
;
by J. Prest-

wicn, Esq., F.R.S., Treas. G.S.

[The reading of this paper, begun at the lust Meeting, was concluded.]

[The publication of this paper is unavoidably postponed.]

[Abstract.]

The object of this communication was to give a summary of re-

searches made during the last three years by the author and Lieut.

-

Col. E. It. Wood, F.G.S., the latter of whom has carefully explored

at his own charge, since 1848, some of tho caves previously known,
as well as several discovered by himself. The known bone-caves of

Gower (of which Paviland, Spritsail Tor, and Bacon Hole have
already supplied Dr. Buckland and others to some extent with ma-
terials for the history of the Cave-period) are in the Carboniferous

Limestone ; and, with the exception of that of S]>i itsail Tor, which

is on the West coast of thr peninsula, they all occur between the

Mumbles and the Worm's Head. The most important are u Bacon
Hole," " Minchin Holo," " Bosco's Den," " Bowcn's Parlour,"
" Crow Hole," " Haven's Cliff Cavern," and lastly the well-known
"I'aviland Caves." Hone-caves at the Mumbles, in Caswell Hay,

and in Oxwich Bay formerly existed; but tho sea has destroyed

them. One cavern named " Bam Tor" between Caswell Lav and
the Mumbles, presumed to be ossiferous, remains unexplored.

Before proceeding to describe the bone-caves and their contents,

the author brielly noticed a raised beach and talus uf breccia, which
Mr. Prcstwieh bad lately traced for a mile along M wsladc Hay.

westward of i'aviland ; and he pointed out their important relation-

ship to the marine sands and ovcihing limestone-breccia found in

Beveral of the Cower Caves. I>r. Falconer also referred to Mr.

Prestw ii h's recent discovery of some patches of Boulder-clay on the

highland of Cower, and in lthofl »Sili Bay.
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" Bacon Hole " was first treated of. It has been worked out by
Colonel "Wood, and described by Mr. Starling Benson. On the lime-

stone-floor of the cave are—(1) a few inches of marine sand, abound-

ing with Litorina ruclis, L. litoralis, and Clausilia nigricans, with

bones of an Arvicola and Birds ; (2) a thin layer of stalagmite

;

(3) 2 feet or less of blackish sand, containing a mass of bones of

Elephas antiquus, with remains of Meles taxus and Putorius (vul-

garis ?) ; (4) 1 to 2 feet of ochreous cave-earth, limestone-breccia,

and sandy layers, with remains of Elephas antiquus, Rhinoceros hemi-

tcechus, Hycena, Canis Lupus, Ursus spelceus, Bos, and Cervus; (5)

irregular stalagmite, partly enveloping a huge tusk of an Elephant

imbedded below it; (6) limestone-breccia and stalagmite, from 1

to 2 feet thick, with bones of Ursus and Bos ; (7) irregular bed of

stalagmite, 1 foot or more, with Ursus; (8) dark-coloured super-

ficial earth, kept soppy by abundant drip, with bones of Bos, Cervus,

Canis Vulpes, horns of Reindeer and Roebuck, together with shells

of Patella, Mytilus, Purpura, Litorina (probably brought into the

cavern as food by birds), and also pieces of ancient British pottery.

The marine sand at the bottom of " Bacon Hole " was analogous to

that on the rocky floor of the San Giro Cave, near Palermo, but

contained fewer species of Mollusca. The uppermost layer of sta-

lagmite is about 30 feet above high-water. The Elephant-remains

belonged to at least three individuals, one of which was adult, and
one young with milk-dentition.

" Minchin Hole " is the grandest and most spacious of all the

Gower Caves, being 170 feet long, by 70 feet where widest, and
35 feet high at the entrance ; here the section gave—(1) loose

limestone-breccia, 3 feet
; (2) yellow cave-earth, 9 inches ; (3)

sand, 1 foot
; (4) blackish sandy loam containing abundant remains

of Rhinoceros, Elephas, and Bos, 2| feet
; (5) greyish-yellow ma-

rine sand, varying in thickness from 1 to 4 feet, and resting on the

rocky floor. Some of the lower jaws of Rhinoceros from this deposit

exhibit Litorina) and comminuted shells imbedded in the incrusting

matrix ; and the black sand yielded Helix hispida similarly attached.

In the interior, the cave-earth was thicker, and the black sandy

loam more unctuous. The mammahan remains were closely analo-

gous with those from Bacon Hole ; but the Elephant-remains (E.

antiquus) were fewer, and those of Rhinoceros hemitoechus were more
numerous and better preserved, including two skulls. JSTo remains

of Elephas primigenius or of Rhinoceros tichorhinus were met with

in Bacon Hole or Minchin Hole.
" Bosco's Den " is a cavernous fissure, of great interest, between

"Bacon Hole" and "Minchin Hole." It is about 70 feet high,

and has been worked out by Colonel Wood, who, having succeeded in

reaching a hole called (by the quarrymen) " Bacon's Eye," found it to

be an angular opening (2| feet in diameter) at the top of one of the

great vertical fissures in the limestone, and leading into a fine cavern.

Beneath it the fissure was filled up with a mass of angular fragments

of limestone (with bones, teeth, and land-shells) impacted in ochreous

loam, about 20 feet in height, resting on a solid platform of breccia,
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beneath which the fissure had to a great extent been washed out by
the sea. On enlarging the aperture, by undermining the projecting

mass of loam and breccia, a cavity was found extending 7<> feet

backwards, with a width of from 7 to 1 (i feet, and a general height

of about 15 feet. A line of fissure runs along the angle of the roof,

and towards the outer part of the cavern the crack widens into an
irregular flue, which had evidently communicated with the surface

:

here the cavern rises to a height of 40 feet. When first opened,

the eastern wall only of the cavern was found to be coated with
stalagmite. The floor was tolerably smooth, and shelved down gra-

dually from the mouth to the extremity, the deposits being thicker

outwards. The floor having been excavated down to the hard brec-

cia, there were observed:—(1) at the top, a bed of sandy peat or

turf, formed chiefly of bits of sticks and comminuted vegetable mat-
ter, about 1 foot thick, except under the flue, where it formed a low
conical heap. In or on this peaty covering were bones of Ox and
Wolf, and bones and broken shed antlers of Deer, of species or

varieties allied to the Reindeer (Ct rrus Giuttardi and C<rr. jiriscvs).

(2) Stalagmite, regular, but usually less than a foot thick. At
one spot it rose into a boss 2 ft. 3 in. high, which was found in a
shattered condition, the fragments being loose, but still in place.

This must indicate,— 1st, the operation of some shock since the for-

mation of the stalagmite, and even since the peat began to be

formed ; and 2ndly, the absence of drip in the cave since the shock

took place. (3) Sandy loam, 1 ft. 4 in., with fragments of rock and
without bones ; (4) sand, 2 ft. in.

; (5) a bed of loose stony breccia,

4 feet, without bones ; ((5) ochreous loam, or the usual cave-earth,

(5 to 7 feet thick, resting on the solid cemented breccia, which forma
a floor or diaphragm between the upper and lower chambers of the

fissure. Crsus S2>eheus, Canis Lupus, C. Vulpes, Bus, Cirrus, and
Arvieola occur in the loam, the latter in abundance. The most re-

markable circumstance about these remains was the great excess of

Dears' antlers above the others. Upwards of one thousand antlers,

mostly shed and of young animals In-longing chielh to Crrus <>'n,t-

Uinli, wen- collected. The lower chamber was penetrated by Colonel

Wood. Dr. Falconer, and a friend, last September, and found to be

washed out l»y the sea to a depth inwards of Ml feet ; and at its ex-

tremity they met with a compact mass of marine sand and gravel,

about \) feet thick. The solid breccia forming the roof of the lower,

and the base of the upper cave, increases in thickness from (! feet at

tin- outside to a greater depth inwards. Its materials correspond

with the Led of angular <f,/,ris observed by Mr. I'restwich on the

raised beach of Mcwslade Hay.
" BoWen's Purloin*," or " Devil's Hole." is also a cavernous fissure

in the limestone cliff, situated between ltosco's Den and Crow Huh .

It has been washed out by the sea, -- portions onl\ of ii-, i ave-deposits

remaining, especially a diaphragm of lnented breccia, w hich di\ ides

the fissure into an upper and lower store) . the former about *JU f< i>|

high at the mouth, the latter 14. Thin tabular aggregation-, .,f

sand adhere to the lower surface of the partition, showing that it

VOL. XVI. PART I. 9 I



490 PROCEEDINGS OE THE GEOLOGICAL SOCIETY. [June 13,

was deposited on a bed of sand. The same phenomena are repeated

in " Crow Hole " with modifications,—the cave-deposits being still

in situ : here remains of Ursus, Meles, Rhinoceros, and some other

forms have been found by Colonel Wood.
" Raven's Cliff " presents a cavernous fissure, broad and high ex-

ternally, contracted within. Here a thin crust of stalagmite formed

a floor upon sand 9 feet thick, which filled the fissure close up to the

roof, leaving only an empty angular chamber about a foot high above

the stalagmite. Upon the latter, remains of Mustela foina, Canis

Vulpes, and some Fish-bones and Bird-bones were found. In the

sand, large coprolites of Carnivores, some fine remains of Felis spelcea,

bones of Rhinoceros, and the vertebra of a Fish were discovered.

Below the sand, as usual in the Gower Caves, there was a sandy
breccia cemented by stalagmite, about a foot thick. Upon it a large

block of limestone, smoothed and polished, probably by the rubbing

of passing cave-animals, was discovered ; and patches of polished sur-

face were seen on the walls of the cave. Remains of Elephas, Rhi-
noceros, Bos, and Cervus were met with above the breccia. Below
the breccia was a bed of dark-grey gritty sand, indurated by cal-

careous infiltration, and attaining a maximum thickness of about

8 feet. In this sand, and close upon the rock-floor, teeth of Hip-
popotamus major, young and old, and remains of Ursus, Cervus, and
Arvicola were met with. There was evidence, on the cliff beyond
the aperture, of the cave and its contents having formerly been con-

tinued further seawards.

The author pointed out that in all these caves the bottom appears

to have been first filled with sea-sand or shingle, with which were
occasionally intermingled the bones of pachyderms, ruminants, &c,
then living on the emerged land of Gower ; that when this deposit

was elevated above high-water mark, stalagmite and angular debris

of limestone rock formed a floor, on which subsequently cave-earth

or other common alluvial materials, with bones and antlers, often

in profusion, were accumulated through the fissure above, during a

long lapse of time after the rise had been accomplished. At last,

by a converse action, of comparatively modern date, the level of the

caves was depressed. The raised beach at Mewslade Bay, which
appears, according to the evidence of Mr. Prestwich, to be of later

date than the Boulder-clay, has without doubt partaken of changes

of level similar to what the caves and their contents have under-
gone, although, the marine deposits in the caves not being at a uni-

form level, either in relation to each other or to the raised beach, it

is probable that there have been locally unequal depressions of level

in comparatively modern times. The author thinks that the sea

has effected but a comparatively slight inroad on the cave-deposits

and raised beach ; and hence he infers that they belong to a rela-

tively modem epoch,—seeing also that they are probably of later

date than the Boulder-clay period, and rest on marine sands con-

taining existing species of shells.

Paviland Cave was next referred to ; but the author restricted his

remarks to the remains of Elephas pnmigenius and human bones that
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were found in it, and argues that the latter (i. e. the skeleton of the
" Eed Lady ") are of more recent date than the former.

In the cave at Spritsail Tor (cursorily examined by Sir H. De la

Beehe, and thoroughly explored by Colonel Wood), under a stalag-

mitic bone-breccia, the irregular fissure of the rocky floor was im-
pacted with ochreous cave-earth full of bones and teeth of Elephas
antiquus, E. primigenius, Rhinoceros ticJiorhinus, Equus, Sits, Bos,

Cervus, Lepus, Arvicola, Mus, Ursus spelceus, U. priscus(?),Eelis spelcea,

Hycena spelcea, Canis Lupus, C. Vulpes, Meles taxus, and Mustela.

Coprolites of Hycena, gnawed bones of Bos, Equus, and Cervus, and
a great abundance of the detached molars of Horse, gave the cave the

undoubted character of having been a Hyena's den. In the super-

ficial sand on the stalagmite, the antlers of a Reindeer and some
human bones were found.

General remarks on the distribution of the Mammalian remains in

the different caverns were offered, and the special anomalies pointed

out; and, after a comparative review of the fauna of the Gower
bone-caves in relation with that of other cave-districts of England
in particular, and of Europe in general, the author arrived at the

following conclusions as being consistent with the existing state of

our knowledge :

—

1. That the Gower Caves have probably been filled up with their

mammalian remains since the deposition of the Boulder- clay.

2. That there are no mammalian remains found elsewhere in the

ossiferous caves in England and "Wales referable to a fauna of a

more ancient geological date.

3. That Eleplias (Loceodon) meridionalis and Rhinoceros Etruscus,

which occur in, and are characteristic of, the " Submarine forest

Bed " that immediately underlies the Boidder-clay on the Norfolk

coast, have nowhere been met with in the British caverns.

4. That Elephas antiquus with Rhinoceros hemitcechus, send E. pri-

migenius with Rh. tidiorhinus, though respectively characterizing

the earlier and later portions of one period, were probably contem-

porary animals ; and that they certainly were companions of the

Cave-bears, Cave-lions, Cave-hyenas, &c, and of some at least of

the existing mammalia.

2. On some Arrow-heads and other Instruments found with Horns

of Cervus megaceros in a Cavern in Languedoc.

By Mons. E. Lartet, Eor.M.G.S.

[In a Letter to the President.]

[The publication of this paper is deferred].

[Abstract.]

In a cavern of the limestone at Massat, near Tarascon in Lan-

guedoc (Department of the Ariegc), examined by M. A. Fontan,

the floor was found to consist of a blackish earth, with large rounded
2 n 2
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pebbles, among which were mixed, in great disorder, bones and
horns of a Chamois, Oervus pseudovirginianus, G. megaceros, and Bos,

together with implements of stone and bone, to which MM. Isidore

GeofFroy Saint-Hilaire and E. Lartet have referred in the ' Comptes
Kendus ' of May 10, 1858.

M. E. Lartet, in his letter, has furnished drawings and descriptions

of some barbed arrow-heads of bone, some having indented grooves,

probably for the appliance of poison ; also needles, and a flute-bevelled

tool of bone, a splinter or knife of hard flint, and the horn of an
Antelope hacked at the base, probably when the animal was flayed.

3. On the Occurrence of Crag Strata beneath the Boulder-clay in

Aberdeenshire. By T. F. Jamieson, Esq.

[Communicated by Sir R. I. Murcbison, V.P.GhS,]

[See above, page 371.]

4. On some small Eossil Vertebrje from near Erome, Somerset-
shire. By Professor Owen, E.R.S., E.G.S., &c.

I was favoured a short time since by receiving from Mr. Charles

Moore, F.G.S., the discoverer of teeth like those of Microlestes in a
probably Triassic deposit near Erome, an additional series of speci-

mens, including, together with teeth unequivocally mammalian and
having the characters of those of Microlestes, some vertebra?, more or

less mutilated, of corresponding size, and similar mineral condition.

These were discovered in a fissure containing derivations from the
" Bone-bed" and from earlier (Mountain-limestone) and later (Oo-

litic) deposits.

A small glass tube, numbered " 5," was stated in Mr. Moore's list

to contain " two little vertebras." These I first examined. One
(and the most perfect specimen, figs. 1-5) is a dorsal, the other a

caudal vertebra ; both are biconcave (i. e. the articular ends of the

centrum are cupped); and in both the neural arch is confluent with
the centrum.

The body of the dorsal vertebra is laterally concave both vertically

and lengthwise (fig. 3, c), the lower surface (fig. 5) being narrow,

prominent, like a smooth obtuse ridge, slightly concave lengthwise,

expanding somewhat, like the rest of the centrum, at the articular

extremities, c : these are deeply cupped, of a circular figure, with a

smooth, almost polished surface. A narrow parapophysis begins very

near the fore part of the side of the centrum, and is continued up-
ward and a little backward, contracted and ridge-like, to the di-

apophy.sis on the side of the neural arch, figs. 1,2, 4, d ;
or, the par-

and di-apophyses are connected by an intervening ridge. On one

side there is a continuous abraded surface, which might have afforded,

when entire, a single articular surface to a rib ; on the other side of
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the vertebra there appears to be a smooth non-articular short tract

between the two expanded par- and di-apophysial surfaces, indica-

ting that a bifurcate head of a rib had been attached to the side of

this vertebra.

The neurapophyses are anchylosed to the whole length of the

centrum, and incline outward, as they ascend, before bending to-

ward and blending with each other above the neural canal, figs. 1

& 2, n. The arch, in breadth and height, shows diameters much
greater than hose of the centrum itself; the width of the neural

canal is more than double that of the body of the vertebra, indica-

ting, therefore, either a spinal chord of mammalian proportions, or

one which, as in certain lizards and fishes, was surrounded by a

largely developed arachnoid and wide venous sinuses. Both the

anterior and posterior margins of the arch are concave, the latter,

fig. 3, n, most so, indicative of very wide " conjugation-holes " for

the exit of the spinal nerves and blood-vessels.

The anterior zygapophyses, figs. 1, 3, 4, z, ridge-like at their origin,

Figs. 1-5.

—

Different views of one of the small Vertebrce found by

Mr. O. Moore in a Triassic (?) Deposit in a Fissure of the Moun-
tain-limestone near Frome. Magnified 8 diameters.

2. 1.

Fig. 1. Anterior view. Fig. 4. Superior view.

Fig. 2. Posterior view. Fig. 5. Inferior view.

Fig. 3. Lateral view.

extend obliquely outward and forward, as far as the vertical parallel

of the fore part of the centrum : they form the anterior angles of the

neural arch, and have their articular surfaces at the upper part, of an

oblong shape, looking upward and a little inward, being very slightly

concave. The anterior margin of the arch between them makes a

slight projection near the process, and there describes a subangular

concavity, the apex of which is at the fore part of the base of the

neural spine. This spine rests on the anterior two-thirds of the mid

line of the arch; its summit is broken off; behind it is a low but

distinct sharp ridge, between the posterior zygapophyses. These

(figs. 3, 4, z') diverge, and slightly descend, projecting a little beyond

the posterior surface of the centrum. The area of the neural canal
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is a wide transverse ellipse, with outlets encroached on below by the

convex upper border of the articular ends of the centrum. This en-

croaching part of the centrum contracts as it extends into the canal,

and then again expands to the opposite end ; so that the floor of

the neural canal shows a median low rising of bone expanded at both

ends, the curved depressions on each side indicating the original

separate bases of the neurapophyses.

I subsequently received from Mr. Moore a few fossils from the

mixed deposits of the fissure above-mentioned, including the cen-

trum of a similar vertebra, rather smaller in size, with the median
part of the lower surface less ridge-like, the part convex across being-

broader than in the preceding vertebra. The terminal articular cups

were deep. The bases of the neural arch span outwards, as far as they

are preserved, indicating the same expanse of the neural area as in

the more perfect vertebra above described. The floor of the canal

shows two lateral curved lines or slight depressions, with the con-

vexities turned towards each other, and which indicate the original

suture between the centrum and neurapophyses.

In the same collection was the fore part or half of a centrum with

the anchylosed bases of the neurapophyses, showing a longitudinal

canal on the under part of the centrum, formed by two nearly pa-
rallel, longitudinal, low but sharp ridges, which slightly diverge

near the articular end. This presents a deep hemispheric cup, smooth,

with sharp margins. The transverse process begins at the lower or

haemal ridge, in the form of a narrow ridge, and ascends obliquely

forward to the side of the neural arch, where it becomes thicker ; but
the arch is broken away at this part, so that no articular surface is

preserved on the transverse process, if such existed. It most pro-

bably projected as a free process ; for the modification of the lower
surface would indicate an anterior caudal vertebra.

With the above portion of vertebra was preserved a cupped arti-

cular end of a centrum, which may have belonged to the same ver-

tebra.

Of the above three vertebras the second is certainly, and the third

most probably, of the same species as the first and most perfect spe-

cimen, above figured.

No known Mammal, recent or extinct, has hitherto presented the

biconcave structure shown by these little vertebrae from the ossiferous

fissure near Frome. But such structure is known, as a very rare

exception, amongst existing Saurians ; and it might be asked, since

the biconcave structure was the ride among Secondary Saurians, why
it may not have prevailed with the Secondary Mammals ?

Hitherto we know nothing of the vertebral characters of the rare

Oolitic and Triassic Mammalia ; and unless the problematical ver-

tebras above described do belong to the little Mammal with whose
teeth they are associated, we have still to learn the vertebral cha-

racters of Microlestes, Ampliitherium, Sjoalacotherium, Triconodon, &c.

The only approach (and it is a slight one) made by Mammals to

any of the Saurian characters in the vertebrae above described is,

so far as I know, to be met with in the Monotremes, which offer in
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the structure of their scapulo-coracoid arch so significant a departure

from the Mammalian rule, and so close a resemblance to certain Se-

condary Eeptiles. The vertebral modifications, in the Ornithorhyn-

chus and Echidna, to which I allude, are the " slight concavity of

the terminal articular surfaces " and a construction of the uniting

soft parts which I discovered in 1840, and which is described and

figured in the article " Monotremata," in the ' Cyclopaedia of Ana-

tomy,' vol. iii. (1841) p. 375, fig. 174. The structure is as follows :

—" The articular surfaces of the vertebrae, which are slightly con-

cave, are joined together by a thick circular band of ligamentous

fibres, attached to the circumference of the articular surface, en-

closing a central oblate spheroidal cavity, lined by a synovial mem-
brane and filled with fluid."

Now, if one should look on the figure of the section of the ver-

tebrae there given, he will see that, were ossification to extend into

the fibrous basis of the synovial cup, the biconcave or amphicoelian

type of vertebra would be established.

But it may be objected, in regard to another character of the little

fossil vertebrae, that they show a mode of rib-articulation agreeing

with the Saurian and not the Mammalian type. In Mammals, as a

rule, the free rib, which has both head and tubercle, joins by the

former to an articular surface common to two centrums and their

intervertebral ligament. In those rare abnormal cases, however,

where the ribs of the last cervical vertebrae have not coalesced as

usual, but show an abnormal size as well as freedom, they articulate

by both parts of the bifurcate end to the same vertebra; and here,

again, the Monotremes come to our aid in an approximative appre-

ciation of the nature of the triassic vertebrae in question. The ribs

of the neck remain longer unanchylosed in the Monotremes than in

other Mammals. In a young but nearly full-grown Echidna I found

them, as regards bony union, " detached from all the cervical ver-

tebrae except the atlas. The vertebral end of the cervical rib is bi-

furcated ; the lower branch, representing the head, is articulated to

the transverse process or tubercle [parapophysis] developed from the

body of the vertebra ; the upper branch, representing the costal

tubercle, is articulated to a transverse process [diapophysis] developed

from the side of the base of the neural arch " (vol. cit. p. 375).

Such a condition of rib-articulation agrees with that indicated by the

structure above described in the first and most perfect of the little

vertebrae discovered by Mr. Moore.

Although the neural canal is relatively more capacious in the small

Lizards than in Crocodiles, I have met with no cold-blooded air-

breathing animal with anchylosed neural arch offering so large a

proportionate size of the canal as in the fossil vertebrae in question.

Had I known only this character of those vertebrae I shoirid have

suspected their being Mammalian, that character having served to

distinguish between fragmentary specimens of large Saurian and Ce-

tacean fossil vertebrae.

The anchylosis of the neural arch to the centrum is as common,
almost, in recent Lizards as in Mammals. The vertebrae transmitted
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by Mr. Moore, and above described, agree in size with that of the

little mammal indicated by the unequivocally mammalian teeth.

Nevertheless the depth and form of the terminal articular cups in

those vertebrae, the sharpness of their margin and smoothness of

their surface, accord very closely with the Reptilian structure, and

hitherto have only been met with in cold-blooded Vertebrates.

Moreover, unquestionable parts of small Saurians and Fishes are

mingled with the Microlesies teeth in this ossiferous deposit, and,

indeed, predominate there.

In fact, in the last set of specimens which I received a few days

ago from Mr. Moore, seven, more or less perfect, are of the partially

ossified vertebra? of a small cartilaginous fish. The following is the

result of the examination of these seven specimens :

—

They are rings or short cylinders of bone, with a circular area

having a diameter about four times the length of the cylinder, that

length being from four to six times the thickness of the cylinder-wall.

This wall is of unequal length—one side, in some, being twice that

of the opposite side. The first specimen shows two parallel rough

surfaces, for the articulation of processes or lamella?, either bony or

gristly, bounding a probably neural canal. The cavity of the cylinder

in this specimen is blocked up by matrix.

A second specimen,with the area empty, shows, besides the (neura-

pophysial ?) surfaces on the broader part of the ring, an opposite

pair of narrower, parallel (hsemapophysial ?) tracts on the narrower

part of the ring.

A third specimen shows part of the apophysis adhering to one

of the parallel surfaces on the broader part of the cylinder, and ex-

tending outward as well as upward (or downward), indicating that it

has bounded the side of a canal with a diameter wider than that of

the centrum.

One of the broken specimens (a half-cylinder) includes the

broader half, with the parallel longitudinal tracts on the outer sur-

face, to one of which adheres the base of an apophysis extending

outward.

The fifth is an entire ring, and shows the parallel longitudinal

apophysial tracts on the two opposite (broader and narrower) parts

of the cylinder, which is, however, a little broader where it supports

the surfaces on the narrower side than at the proximity of that part.

Another entire ring has a more uniform length, or breadth, of wall

than the others, and shows a small single apophysial surface at op-

posite sides the of ring.

The seventh specimen (a fragment) shows the ring to be a very

little thicker at its ends than at its middle
; and, like the others, it

is quite smooth on the flattened inner surface.

There is no character of a cervical or other vertebra of a Mamma-
lian animal in any of these specimens. "Were it not for the apo-

physes or apophysial surfaces, they might pass for the bony rings of

a windpipe, as in Birds and some Rodents. But they more closely

resemble the ossified vertebral cylinders in Heptanchus and Ghimcerq,

in which the neur- and hsern-apophyses are so far ossified as to
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undergo the same conservative petrifaetive change as the portions of

such processes preserved in the above vertebrae.

Should the first-described cupped or aniphicoelian vertebrae prove

to be Reptilian, they indicate a small Saurian resembling C'ladeiodon

or Belodon, Palceosaumis, and other triassic Thecodontia, in certain

anterior ribs being articulated by a bifurcate head to par- and di-

apophyses.
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A. Bryson.—The preservation of Foot-prints on the Sea-shore, 208.

. Transactions. Vol. xxii. Part 1. For 1857-59.

Falmouth. The Twenty-seventh Annual Report of the Royal
Cornwall Polytechnic Society. 1859.

R. Q. Couch.—Mortality of Miners, 30.

T. B. Jordan.—Drainage of deep mines, 105.

France, Bulletin de la Soeiete Geologique de. Deux. Ser. Feuill.

7-12. 1860.

C. Puggaard.—Sur les calc. plutonise's de la peninsule de Sorrento,

97.

Delanoiie et Hebert.—Sur les silex tailles trouves en Picardie, 102.

Triger.—Sur la craie de Maestricht, 103.

Ed. Hebert et C. d'Orbigny.—Sur la position reelle de la couche
marine d'Ormoy, 107.

Parran.—Sur les sondages du Gard, 115.

G. de Mortillet.—Sur 1'age des sables h silex et des marnes bigarrees

de la Perte-du-Rhone, 119.

Ebray.— Sur les silex en forme de haches, 123.

. Sur la coincidence des sources minerales de la Nievre avec
les failles, 124.

Ch. Martins.—Sur quelques lois geometriques de l'osteologie des

membres, appli cables a la paldontologie des mammiieres, des

oiseaux et des reptiles, 132.

L. Grandeau.—Sur l'analyse d'une roche metamorphique du grand
Saint-Bernard, 134.

E. Goubert.—Quelques mots sur l'6tage eocene moven dans le bassin

de Paris (plate), 137.

Sandberger.—Sur I'&ge dea couches tertiaires du bassin dv Mavence,
153.
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France, Bulletin de la Societe Geologique de {continued).

P. Naranjo y Garza et L. Penuelas.—Sur la Phosphorite de Logro-
san (Estramadure), 157.

Ebray.—Etude des modifications de l'etage callovien, et preuve de
l'existence de cet etage aux environs de Clmtel-Censoir, 161.

Ch. Lory.—Sur les gres de la Maurienne et des Hautes-Alpes, 177.

Goeppert.—Sur la fiore des terrains silurien, devonien et carbonifere

inferieur, 187.

Hochstetter.—Recherches geologiques faites a Tapaipounianioa, ile

moyenne de la Nouvelle Zelande, 189.

Geologist. Vol. iii. Nos. 29, 30. May and June 1860.

G. D. Gibb.—Canadian Caverns, 161, 213.

T. Davidson.—Carboniferous Brachiopoda of Scotland, 179, 219
(plate).

S. J. Mackie.—Geology of Folkestone, 201.

F. E. Edwards.

—

Pitharella Rickmanm, from Dulwich, 208 (figures).

C. Packman.

—

Cyrena Dulwichiensis, from Dulwich, 211 (figures).

Notes and Queries, 184.

Reviews, 200.

Geologists' Association. Proceedings. No. 4.

J. Brown.—Fossil Mammalia found in Essex, 29.

J. Curry.—Withdrawal of heat from the Earth, 36.

M. Norman.—Whitecliff Bay, 38.

L. H. Mordacque.—Stalactite from near Haslingden, 46.

Heidelberg. Verhandlungen des naturhistorisch-medicinischenVer-

eins zu Heidelberg. Yol. ii. Part 1.

Blum.—Ueber die geognostischen Ergebnisse des Bohrversuchs bei

Neuenheim, 3.

Carius.—Ueber die Zusammensetzung der Quellen aus dem Bohr-
loche bei Neuenheim, 4.

Bunsen.—Ueber die Entstehung des Granits, 6.

Pagenstecher.—Ueber den mikroscopischen Bau einiger fossilen

Schwamme, 6.

G. Leonhard.—Ueber das Vorkommen des Minette genannten Ge-
steins an der Bergstrasse und fiber Stylolithen in dem Zechstein-

Dolomit von Schlierbach bei Heidelberg, 7.

Blmn.—Ueber Umbildung des Glaubersalzes zu Thenardit, 11.

. Ueber gediegenes Kupfer vom oberen See, 26.

Horticultural Society of London. Proceedings. Yol. i. Nos. 9-13.

February-June 1860.

Institute of Actuaries. List of Members. 1860.

Jena. Nova Acta Acad. Cses. Leop. -Carol. Gernianicse Naturae Cu-
riosorum. Yol. xxvii. 1860.

H. R. Goeppert.—Ueber die fossile Flora der Silurischen, der Devo-
nischen und unteren Kohlenformation, 425 (12 plates).

E. Reichardt.—Das Steinsalzbera-werk Stassi'urtn bei Magdeburg,
607 (2 plates).
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Lausanne. Bulletin de la Societe Vaudoise des Sciences Naturelles.

Yol. vi. No. 45, De'cembre 1859 ; No. 46, Mars 1860.

H. de Saussure.—La formation du Volcan du Jorullo, 195.

E. Renevier.—Le gisement des Unto, aux Brulees, sur Lutry, 197.

Perey et Traxler.—Le jaugeage du Rhone a Geneve, 220.

J. et P. Delaharpe.—Esquisse geologique de la chaine du Meuvran,
231.

L. Gonin.—Le dessechement des Marais de l'Orbe, 247.

C. T. Gaudin.—Lignites d'Algerie, 255.

A. Morlot.—Etudes geologico-arche'ologiques en Danemark et en
Suisse, 263.

Linnean Society. Proceedings. Yol. v. No. 17. June.

Literary Gazette. New Series. Vol. iv. Nos. 93-104. April-

June 1860.

Notices of Scientific Meetings, &c.

. . Yol. v. No. 105. June 1860.

Notices of Scientific Societies, &c.
R. Owen.—Fossil Mammalia, 530.

London, Edinburgh, and Dublin Philosophical Magazine. 4th

Series. Yol. xix. Nos. 127-129. April-June 1860. From
Dr. W.Francis, F.G.S.

J. H. Pratt.—Fluidity of the mass of the Earth, 274.

R. P. Gregg.—Luminosity of Meteors, 287.

J. W. Mallet.—Physical relations of Osmium, 295.

L. Barrett.—Cretaceous rocks of Jamaica, 318.

R. Godwin-Austin.—Coal in Chalk in Kent, 318.

. Fossils of the Grey Chalk of Surrey, 318.

S. V. "Wood, jun.—Land and sea during the Cretaceous period, 319.

W. H. Miller.—Crystallographic Notices, 325.

F. A. Abel.—Composition of Water from the Coal-strata, Bradford
Moor, Yorkshire, 330.

"W. K. Sullivan.—Some Prismatic forms of Calcite from Luganure,
Wicklow, 333.

J. J. Waterston.—Heat engendered by the possible fall of a Meteor
into the Sun, 338.

J. H. Jellett.—Crust and nucleus of the Earth, 343.

Debray.—Artificial phosphates and arseniates, 380.

J. Thomson.—Theories and experiments regarding Ice, 391.

T. Codi'ington.—Probable glacial origin of some Norwegian Lakes,

399.

T. F. Jamieson.—Drift and gravels of the North of Scotland, 399.

T. Wright.—Lower Lias of the South of England, 400.

J. W. Kirkby.—Occurrence of Lingula Creclneri in the Coal-mea-
sures, 401.

C. H. G. Thost.—Breadalbaue Mining-district, 402.

J. P. Cooke.—Crystalline form and Chemical composition, 405.

S. Haughton.—Thickness of the Earth's crust, 444.

J. Lamont.—Spitzbergen, 407.

C. Moore.—Linksfiekl Shales, 4G8.

Longman's Monthly List. No. 208. April 2, 1860.
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Manchester Literary and Philosophical Society. Memoirs. 2nd
Series. Yol. xv. Part 2. 1860.

. Proceedings. Nos. 1-16, Session 1858-9 ; and Nos. 1-14,

Session 1859-60.

E. W. Binney.—Toadstone of Doveholes, 74.

. Lias deposits near Carlisle, 96.

W. S. Jevons.—Australian Gold-fields, 134, 166.

J. Atkinson.—Fossil sun-cracks in the New Red Sandstone near
Runcorn, 164.

E. W. Binney.—The Building-stones used in Manchester, 190.

E. Hull.—Ancient Glaciers in the Highlands, 204, 212.

Mechanics' Magazine. New Series. Vol. hi. Nos. 67-79. April-

June 1860.

Notices of Scientific Meetings, &c.

Melbourne. Transactions of the Philosophical Institute of Yictoria

from January to August 1859. Vol. iv. Part 1. 1859.

P. Nisser.—Geological Distribution of Gold, 15.

J. Cairns.—Silver-mines of the Cerro de Pasco, 61.

P. Nisser.—First technical use of Gold by the Aborigines of South
America, 69 (plate).

Milan. P. Istituto Lombardo di Scienze, Lettere ed Arti. List of

Members.

Mining Review. Vol. hi. Nos. 76-78, 80-88. April-June 1860.

Notices of Scientific Meetings, &c.

Paris. Annales des Mines. Cinq. Ser. Vol. xv. 3e Livr. de 1859.

Ville—Resume" des eludes geologiques faites en 1857 dans la sub-
division de Dellys, 445 (geol. map).

Jutier.—Sur la geologie de Plombieres, 547.

L. Fleury.—Sur le commerce de la houille en 1858, 583.
Bibliographie.

. . Vol. xvi. 4e Livr. de 1859.

H. Sainte-Claire Deville et H. Debray.—Du Platine et des me"taux
qui l'accompagnent, 1 (plate).

. L'Academie des Sciences. Comptes Rendus. 1860. Prem.
Semestre. Vol. 50. Nos. 7-18.

. Memoires de l'Acad. Sc. de l'Instit. Imp. de France.
Vol. xxv. 1860.

. . Vol. xxvii. Deux. Partie. 1860.

Flourens.—Eloge historique de Marie-Henri Ducrotay de Blaintille,I.

. . Vol. xxxi. Prem. et Deux. Parties. 1860.

Philadelphia Academy of Natural Sciences. Proceedings. 1859.
Nos. 20-27, and Index, &c.

W. J. Taylor.— Clayite, 306; Stromeyerite, 308
;
Polybasite, 309.



DONATIONS. 507

Philadelphia Academy of Natural Sciences {continued). Proceed-
ings. 1860. mil 1-5.

T. A. Conrad and "W. M. Gabb.—Carboniferous and Triassic Shells,

55 (plate).

— Journal. New Series. Vol. iv. Part 3. 1860.

T. A. Conrad.—New species of Cretaceous and Eocene Fossils of
Mississippi and Alabama, 275 (3 plates).

W. M. Gabb.—New species of Cretaceous Fossils from Alabama,
New Jersey, &c, 299.

. New species of fossils, probably Triassic, from Virginia, 307
(plate).

Photographic Society. Journal. Nos. 96-98. April-June 1860.

Quarterly Journal of Microscopical Science. No. 31. April 1860.

Royal Society. List of Officers and Subscribers for 1859.

. Proceedings. Vol. x. No. 38.

Royal Geographical Society of London. Proceedings. Vol. iv.

Nos. 2, 3. 1860.

G. Buist.—The Curia Maria Islands, 50.

W. Spottiswoode.—Typical Mountain-ranges, 97.

. Journal. Vol. xxix. 1859. 1860.

R. I. Murcbison.—Anniversary Address, cii.

R. F. Burton.—Lake-regions of Central Equatorial Africa, 1 (map).

St. Petersburg. Memoires de l'Academie Imperiale des Sciences

de St.-Petersburg. VIIe Serie. Vol. i. Nos. 1-15. 1859.

T. F. de Schubert.—Sur la veritable figure de la Terre (plate).

N. v. Kokscharow.—Ueber den Russischen Euklas (plate).

. Ueber den Russischen Zirkon (plate).

. Bulletin de l'Acad. Imp. Sc. Vol. i. Feuill. 1-9.

C. Claus.—Sur les metaux qui accompagnent le Platine, 97.

. Verhandlungen der Russisch-kaiscrHchen mineralogischen

Gesellschaft zu St. Petersburg. Jahrgang 1857-58.

H. Struve.—Ueber die Zusamniensetzung des Vanaclinits, Pyromor-
phits und Mimetesits, 1.

E. Hoffmann.—Siimmtlicho bis jetzt bekannte Trilobite Russlands,

21 (7 plates).

A. Gadolin.—Erne einfacbe Methode zur Bestimmung des specifischen

Gewiclits der Mineralien, 56 (plate).

. Geognostische Besehreibung der Insel Pusu (Pusun-Saari)

im Ladoga-See, 68 (map).
. Geognostiscbe Skizze der Umgebungen von Kroneborg und

Tervus am Lado<ya-See, 85 (map).

S. Antipoffi—Die Kreideformation des siidlicben Ural, 97 (map).

B. de Marny.—Ueber die Diluvialerscbeinungen in Ural, 122.

2 o 2



508 DONATIONS.

St. Petersburg. Verhandlungen der Russisch-kaiserliehen mine-

ralogischen Gesellschaft zu St. Petersburg (continued).

A. v. Volborth.—Ueber die Crotaluren und Reniopleuriden, 126
(plate).

N. Lawrow.

—

Ptychopyge und Megalaspis, Trilobiten des untersilu-

rischen Kalksteins des Gouvernements von St. Petersburg, 146
(plate).

G. v. Stepban.

—

Ptylopora, Korallen in dem Bergkalke an der Msta,

148 (plate).

H. J. Holmberg.—Ueber die Fortscbritte der Mineralogie in Finn-
land, 149.

Th. Lwoff.—Silberbaltiges Kupfererz des Bergreviers Werchneu-
dinsk, 156.

S. Kutorga.—Ueber die Fortscbritte der mineralogiscben Wissen-
scbaften in Russland, 158.

Society for tbe Suppression of Mendicity. 42nd Report. 1860.

Society of Arts. Journal. Yol. viii. Nos. 385-397. April-June

1860.

W. E. Newton.—Employment of Peat in tbe useful arts, 433.

J. F. Watson.—Fibre-yielding plants of India [Cotton-soils, &c],
448.

W. P. Jervis.—Marbles of Tuscany and Modena, and tbe Boracic
Acid Lagoons of tbe Maremme, 536, 567.

D. T. Ansted.—Decay and Preservation of Building-materials, 600.

Statistical Society. Journal. Yol. xxiii. Part 2. June 1860.

Teign Naturalists' Field-club. Report of the Proceedings for 1859,
with List of Members. 1860.

Truro. Forty-first Annual Report of the Royal Institution of

Cornwall, 1859. 1860.

W. J. Henwood.—Changes produced by tbe deepening and extension

of Mines on their temperatures, 21.

N. Whitley.—Undeveloped Natural Resources of Cornwall, 24.

R. Edmonds.—Shocks in Mount's Bay on the days of the Great
Earthquakes of Lisbon, 28.

Vienna. Almanach der k. Akad. Wissensch. Neunter Jahrgang.

1859.

. Denkschriften der kais. Akad. d. Wissensch. Math.-Nat.

Classe. Yol. xvii. 1859.

Reuss.—Zur Kenntniss fossiler Krabben, 1 (24 plates).

Debey und Ettingshausen.—Die urweltlichen Acrobryen des Kreide-

gebirges von Aachen und Maestricht, 183 (7 plates).

. Jabrbiicher der k. k. Central-Anstalt fur Meteorologie und
Erdmagnetismus. Yon Karl Kreil. YI. Band. Jahrgang 1854.

1859.
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Vienna. Jahrbuch der k. k. geologischen Eeichsanstalt. 1859.

X. Jahrgang. No. 4. October-December 1860.

J. Barrande.—Schreiben an Herrn W. Haidinger, Director der k. k.

geol. Reichsanstalt u. s. w., 479.

E. Suess.—Schreiben an Herrn W. Haidinger, M.K.A., k. k. Hofratli

u. s. w., 481.
K. Peters.—Geologische Studien aus Ungarn, 483.

H. Tascbe.—Das Braunkohlenlager von Salzbausen mit Riicksicht

anf die Entstebung der Braunkoblen in der Wetterau und im
Vogelsberg, 521 (plate).

F. v. Andrian.—Bericht iiber die Uebersicbts-Aufnabnien im Zipser

und Gomorer Comitate wain-end des Sommers 1858, 535.

H.Wolf.—Barometriscbe Hohenbestimmungen im nordlichen Un-
garn, 555.

M. Hantken.—Die Umgegend von Tinnye bei Ofen, 567.

A. Kulczycki.—Geologiscbe Notiz iiber die Insel Tahiti und die

Halbinsel Taiarapu, 570.

K. v. Hauer.—Arbeiten in dem cbemiscben Laboratorium der k. k.

geologiscben Eeichsanstalt, 572.

Verzeichniss der mit Ende September 1859 loco Wien, Prag, Triest

und Pesth bestandenen Bergwerks-Producten-Verschleisspreise,

585.

. Sitzungsberichte d. k. Akad. Wissenscb. Vol. xxxv. Nos.

10-12. April 1859.

F. Rolle.—Ueber einige neue Acephalen-Arten aus den miteren

Tertiar-Schichten Oesterreichs und Steiermarks, 193 (2 plates).

W. Haidinger.—Die grosse Platin-Stufe im k. k. Hof-Mineralien-

Cabinete, 345 (plate).

F. Hochstetter.—Ueber einige fossile Thierreste und deren Lager-

statten in Neu-Holland, 349.

W. Haidinger.—Der Meteoreisenfall von Hraschina bei Agram am
26. Mai 1751, 361 (plate).

F. Unger.—Sylloge Plantarum Fossilium, 413.

A. E. Reuss.—Ueber einige Anthozoen aus den Tertiarschichten des

Mainzer Beckens, 479 (2 plates).

A. v. Perger.—Ueber die Lichtempfindlicbkeit des Asphalts, 489.

L. H. Jeitteles.—Ueber das Erdbeben am 15. Janner 1858 in den
Karpathen und Sudeten, 511 (map).

. . Vol. xxxvi. Nos. 13-16. May and June 1859.

F. Rolle.—Ueber die geologische Stellung der Horner Schichten in

Nieder-Oesterreich, 37.

F. Hochstetter.—Schreiben an Alexander v. Humboldt [Vulkane
von Java, von Luzon, &c], 121 (map).

V. v. Lang.—Monographic des Bleivitriols, 241 (27 plates).

. . Vol. xxxvii. Nos. 17-22. July-October 1859.

A. Kauer.—Cbemische Analysen einiger Mineralwasser, 27.

F. Hochstetter.—Ueber geologische Untersuchungen in der Provinz
Auckland (Neu-Seeland), 123.

E. Suess.—Ueber die Wohnsitze der Brachiopoden, 185.

Schmidt.—Das Elen mit dem Hirsch und clem Ilohlcnbiiren fossil

auf der Grebenzer Alpe in Obersteyer, 249 (plate).

G. Sandberger.—Ueber den Nautilus umbilicatus, Chem, genabeltes
Schiffboot, 286.
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Vienna. Sitzungsberichte d. k. Akad. Wissenscb. Vol. xxxvii.

(continued).

A. Boue.—Ueber die wabre geognostiscbe Lage gewisser in Wien
als Reibsand gebrauchter dolomitiscber Breccien-Sande, 356.

A. Weiss.—Die Krystallformen einiger chemiscben Verbindungen,
371 (plate).

V. v. Lang.—Bestimmung der Hauptbrecbungsquotienten von
Galmei und unterscbwefelsaurem Natron, 379.

A. Handl.—Die Krystallformen einiger cbemiscben Verbindungen,
386 (plate).

F. Keil.—Pbysikaliscb-geographiscbe Skizze der Kreuz Kofel-

Gruppe nacbst Lienz in Tirol, 393 (plate).

F. Steindacbner.—Zur Kenntniss der fossilen Fiscb-fauaa Oester-

reicbs, 673 (7 plates).

J. J. v. Tscbudi.—Ueber ein meteoriscbes Pbanomen, 787.

J. F. J. Scbmidt und W. Haidinger.—Ueber Feuermeteore, 803.

.
—-— . Vol. xxxviii. Nos. 23-28. November and De-

cember 1859.

R. Niemtscbik.— CJeber die directe Constructions-Metbode der

vertical-axigen Kiystallgestalten aus den Kantelwinkeln, 231

(3 plates).

R. Molin.—Un altro cenno sulla dentatura del Pachyoclon Catulli,

326 (plate).

L. v. Farkas-Vukotinovic.—Die Diorite mit den iibrigen geognos-

tiscken Verbaltnisse des Agramer Gebirges in Croatien, 333
(map).

F. Stoliczka.—Ueber einer der Kreideformation angehorige Siiss-

wasserbildung in den nordostlicken Alpen, 482 (plate).

J. J. Pokl.—Cbemiscke Analyse der Heilquelle und der Aniazon-
qtielle des Kaiserbades zu Ofen in Ungam, 497.

F. Steindacbner.—Zur Kenntniss der fossilen Fiscke Oesterreichs,

763 (3 plates).

A. Sckrauf.—Ueber die Krystallformen des Kieselzinkerzes, 789

(6 plates).

Stur.—Ueber die Kossener Schichten im nordwestlicben Ungam,
1006.

. Register zu den Banden 21 bis 30 der Sitzungsbericbte der

Math.-Naturw. Classe der kais. Akad. Wissenschaften. 3. 1859.

"Wiesbaden. Jabrbucber des Vereins fiir Naturkunde im Herzog-

tbum Nassau. Dreizehntes Heft. 1858.

R. Fresenius.—Die Mineralquelle zu Geilnau, 1.

, R. Sucksland, und W. Valentin.—Untersucbung der beissen

Mineralquelle im Badbaus zum golden Bnmnen in Wiesbaden, 28.

, A. Lindenborn, und J. Scbuckart.—Untersuchung der Mine-
ralquelle im Schiitzenbof zu Wiesbaden, 53.

C. Kocb.—Palaozoiscke Sckickten und Grunsteine in den Herzog-

lick Nassauiscben Aemtern Wissenburg und Herborn, 85.

W. Giebeler.—Die Tieibobrung auf Koblensamebaltiges Soolwasser

zu Soden, 330.

Bericbt iiber die Sitzimgen, 348.
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Yorkshire Philosophical Society. Annual Report for 1859.

Procter.—Ancient Metallurgy of Lead among the Romans, 30.

(West Riding) Geological and Polytechnic Society. Report
of the Proceedings for 1859. 1860.

Drayson and W. Thorp.—The Secular Expansion of the Crust of the
Earth, 1.

H. C. Sorby.—Temperature of the Springs near Sheffield, 40.

H. Denny.—Geological and archaeological contents of the Victoria
and Dowkabottom Oaves in Craven, 45 (2 plates).

C. W. Bingley.—Fire-clays, 75.

S. Baines.—Differences in the Deposition of Coal, 77.

II. PERIODICALS PURCHASED EOR THE LIBRARY.

Annals of Natural History. 3rd Series. Vol. v. Nos. 28, 29, and
30. April, May, and June 1860.

W. K. Parker and T. R. Jones.—Nomenclature of the Foraminifera
(species enumerated by Lamarck), 285, 466.

S. J. Mackie's ' First Traces of Life,' noticed, 321.

T. H. Huxley, J. O. Westwood, W. H. Harvey, and J. D. Hooker,
on Darwin's Theory of Development, 344.

S. Haughton.

—

Cyclostigma, a new genus of fossil Plants from the
Old Red Sandstone of Kiltorcan, Kilkenny ; and on the general
law of Phytaxis in the Lycopodiacece, Equisetacece, Filices, &c,
433.

Edinburgh New Philosophical Journal. New Series. No. 22.

April 1860. Vol. xi. No. 2.

J. Hogg.—Geology of Eastern Syria, 173.

C. Darwin's ' Origin of Species,' noticed, 280.

R. Owen.—Fossil and recent Reptilia, 294.

J. F. Bateman.—Bore-well in the New Red Sandstone at Shiflhal,

Salop, 311.

A. Gibb.—Granite-quarries of Aberdeen and Kincardineshire, 311.

L. Playfair.—Numerical relations between the specific gravities ot

the Diamond, Graphite, and Charcoal forms of Carbon and its

atomic weight, 323.

W. S. Sjanonds.—Post-pliocene gravel and fossils, 339.

Institut, P. Journal universel des Sciences et des Socie'tes savantes.

Prem. section : Sciences Math. Phys. et Naturelles. Nos. 1357-
82. Deux, section ; Sciences Hist. Archeol. ct Philos. Nos. 289-
291.

Notices of Scientific Meetings, &c.
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Leonhard und Bronn's Ncues Jahrbuch f. Min. u. s. w. Jahrgang
1860. Zweites Heft.

A. Streng.—Die Quarz-fiihrenden Porphyre des Harzes, 129.

H. C. Weinkauff.—Septarien-Thon im Mainzer Becken, 177.

Berger.—Die Versteinerungen des Sckaumkalkes am Thiiringer-

Walde, 196 (plate).

Letters : Notices of Books, Mineralogy, Geology, and Fossils.

Palseontographica. Yol. vii. Part 2. 1860.

H. v. Meyer.—Salamandrinen ans der Braunkohle am Rhein und in

Bokmen, 47 (plate).

. Lacerten aus der Braunkohle des Siebengebirges, 74 (plate).

. Rhamphorhynchw Gemmingi aus dem lithogr. Scbiefer m
Bayern, 74 (plate).

. Melosaurus Uralensis aus dem Permiscben System des west-
lichen Ural's, 90 (plate).

. Osteophone Roemeri aus dem Rotbliegenden yon Klein-
Neimdorf in Schlesien, 99 (plate).

. Delphinus acutidens aus der Molasse bei Stockach, 105
(plate).

. Crinoideen aus dem Posidonomyen-Schiefer Deutscblands,
110 (2 plates).

. Vol.viii. Part 3. 1860.

R. Ludwig.—Fossile Pflanzen aus der altesten Abtheilung der
Rheinisch-Wetterauer Tertiar-Formation, 73 (14 plates).

III. GEOLOGICAL AND MISCELLANEOUS BOOKS.

Names of Donors in Italics.

Adhemar, J. Revolutions de la Mer. Deluges periodiques. 2ieme

edition. Texte et planches. 1860.

Ansted, D. T. On the Decay and Preservation of Building-ma-
terials. 1860.

Barrande, J. Depot organique dans les loges aeriennes des Ortho-
ceres.

Binney, E. W. Gases found in Coal-mines, and on Mining-Lamps.
1859.

. Observations on the Fossil Shells of the Lower Coal-mea-
sures. 1860.

Bjerknes, C. A. Ueber die geometrische Representation der Gleich-

ungen zwischen zwei veranderlichen, reellen oder komplexen
Grbssen. 1859.
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Caporale, G. Dell' Agro Acerrano e della sua condizione sanitaria

;

ricerche fisiche, statistiche, topografiche, storiche. 1859. From
Sir C. Lyell, V.P.G.S.

CJirist, W. Yon der Bedeutung der Sanskritstudien fiir die griech-

ische Philologie. 1860.

Dawson, J. TP". On the Silurian and Devonian Eocks of Nova
Scotia.

Delesse, A. Untersuchungen iiber die Entstehung der Gesteine.

1860.

Desnoyers, J. Sur des empreintes de pas d'animaux dans le Gypse
des environs de Paris, et particulierement de la vallee de Mont-
morency. 1860.

Doue, J. M. de B. Quatrieme Memoire sur la frequence et la capa-

city pluvieuse des vents superieurs et inferieurs sur la station du
Buy. From Sir G. Lyell, V.P.G.S.

Duckworth, H. Arte-facta Antiquissima : Geology in its relatio11

to primeval Man. 1860.

Duff, P. Geology of Moray. 1860.

Eichwald, E. v. Beitrag zur geographischen Yerbreitung der fos-

silen Tbiere Busslands. Alte Periode. 1857.

. Dritter Nacbtrag zur Infusorienkunde Busslands, &c.

1852.

. Zur Naturgescbicbte des Kaspiscben Meeres. 1835.

Gruner, M. L. Description des anciennes Mines de Plomb du

Forez. Deuxieme Partie. 1857. From Sir G. Lyell, V.P.G.S.

. Description geologique et mineralogique du Departement de

la Loire. With Atlas. 1857. From Sir G. Lyell, V.P.G.S.

. Essai d'une classification des principaux filons du plateau

central de la France, suivi de la description speciale des anciennes

Mines de Plomb du Eorez. Premiere Partie. 1856. From Sir

G. Lyell, V.P.G.S.

. Texte explicatif de la nouvelle carte du Bassin Houiller de

la Loire. 1847. From Sir C. Lyell, V.P.G.S.

Haidmger, W. Die Meteoriten des k. k. Hof-Mincralicn-Cabinetes

am 30. Mai 1860. 1860.

Hartung, G., and H. G. Bronn. Die Azoren in ihrcr Husserer

Erscheinung und nach ihrer geognostiscben Natur. With 4to

Atlas. 1860.
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Henivood, W. J. Note on changes produced by the deepening and

extension of Mines on the Temperatures at their previous bottoms.

1859.

Hogg, J. On Gebel Hauran, its adjacent districts, and the Eastern

Desert of Syria, with remarks on their geography and geology.

1860.

Jeitteles, L. Auszug aus einem Schreiben an Herrn Dr. Ami Boue.

1859.

. Bericht liber das Erdbeben am 15. Janner 1858 in den

Karpathen und Sudeten. 1859.

Jenzsch, Gr. Beitrage zur Kenntniss einiger Phonolithe des bohmi-
schen Mittelgebirges. 1856. From Sir 0. Lyell, V.P.G.S.

. Bemerkitngen iiber optisch zweiaxige Turmaline. From
Sir 0. Lyell, V.P.G.S.

. Considerations relatives a, la partie Mineralogique des in-

structions pour 1'expedition scientifique Bresilienne, 1857. From
Sir C. Lyell, V.P.G.S.

. Die krystallisirte Kieselsaure ist dimorph. 1858. From
Sir C. Lyell, V.P.G.S.

. Die Verbreitung des Melaphyr und Sanidin-Quarzporphyr.

1858. From Sir C. Lyell, V.P.G.S.

. Lithologie, die Basis der rationellen Geologie. From Sir C.

Lyell, V.P.G.S.

. Neugebildete Sanidin- (glasige Feldspath) KrystaHe. From
Sir a Lyell, V.P.G.S.

. TTeber die Krystallform des Kupferoxydes. From Sir 0.

Lyell, V.P.G.S.

Jervis, "W. P. On the Marbles of Tuscany and Modena, and the

Boracic Acid Lagoons of the Maremme. 1860. From L. Homer,
Esq., Pres.G.S.

Kirschbaum, C. L. Die Athysanus-Arten der Gegend von Wies-

baden. 1858.

Lea, I. Observations on the genus Unio, together with descriptions

of New Species, their soft parts, and embryonic forms, in the

family TTuionidse. Yol. vii. 1860.

. On the Unioniclce of the United States, &C. 1860.

Le Puy (Haute-Loire). Tableau general meteorologique. 1857.

From Sir C. Lyell, V.P.G.S.
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Liebig, J. von. Rede in der offentlichen Sitzung d. k. Akad. d.

Wissensch. am 28. Marz 1860.

Marcou, J. Lettres sur les rocb.es du Jura et leur distribution geo-

graphique dans les deux hemispheres. 2de Livraison. 1860.

Martins, Ci Du froid thermometrique et de ses relations avec le

froid pbysiologique dans les plaines et sur les montagnes. 1859.
From Sir 0. Lyell, V.P.G.S.

Meigs, J. A. Description of a deformed fragmentary human skull

found in an ancient quarry-cave at Jerusalem. 1859.

Merton, G. H. On the basement-bed of the Keuper formation in

Wirral and the south-west of Lancashire. 1860.

Mining Surveyor's Reports, furnished by the Mining Surveyors of

Victoria to the Board of Science. Nos. 1-8. 1859 and 1860.

From B. B. Smyth, Esq., F.G.S.

Munch, P. A. Chronica Regum Manniae et Insularum. The Chro-
nicle of Man and the Sudreys. 1860.

Observations made at the Magnetical and Meteorological Observatory

at St. Helena. Yol ii., 1844-1849. 1860.

Oldham, T. Notice sur la fabrication du fer dans l'Inde. (Extrait

par M. Delesse.) From M. JDelesse, For.M.G.S.

Parker, W. K., and T. B. Jones. On the Nomenclature of the

Poraminifera. The species enumerated by Von Pichtel and Von
Moll. 1860.

Pictet, F. J. ' Sur l'Origine de l'Espece,' par Charles Darwin.
1860.

Quaritch, B. A. Catalogue of Books. 1860.

Bamsay, A. O. The Old Glaciers of Switzerland and North Wales.

1860.

Ramsay, A. C, H. W. Bristow, H. Bauerman, and A. Geikie. A
descriptive Catalogue of the Rock-specimens in the Museum of

Practical Geology. 2nd edition. 1860. From the Director of
the Museum of the Geol. Surv. Great Britain.

Baulin, V. Description physique de l'lle de Crete. l re Partie.

1859.

Resume des Observations recueillies en 1859 dans le bassin de la

Saone par les soins de la Commission Hydrometrique de Lyon.

From the Hydrometric Commission of Lyons.

Boberts, G. E. The Rocks of "Worcestershire: their mineral cha-

racter and fossil contents. 1859.
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Butimeyer, L. Untersuchung der Thierreste aus den Pfablbauten

derSchweiz. 1860.

Bars, M., and Th. Kjerulf. Jagttagelser over den postpliocene eller

glaciale formation i en del af det sydlige Norge. 1860.

Scharff, F. TJeber die Ausheilung verstiimmelter oder im "Wachsen

behindert gewesener Krystalle, mit vorzugsweiter Beriicksicbti-

gung des Quarzes.

Schwartz, G. Ueber die Familie des Rissoiden und insbesondere

die Gattung Bissoina. 1860.

gteindachner, F. Beitrage znr Kenntniss der fossilen Fische Oester-

reicbs. Zweite Folge. 1860.

BtoliczJca, F. TJeber eine der Kreideformation angeborige Susswas-

serbildung in den Nordostlicben Alpen. 1860.

Suess, E. Scbreiben an Herrn W. Haidinger, M.K.A., k. k. Hof-
ratb, u. s. w. 1859.

. Sur le Waldheimia Stoppanii des petrifications d'Esino.

1860.

. Ueber die "Wbbnsitze der Bracbiopoden. II. 1860.

Verneuil, E. de, Collomb, Triger, et Gr. Cotteau. Note sur une
partie du pays Basque Espagnol. 1860.

Victoria. Board of Science. Second Annual Beport. 1860.

from B. B. Smyth, Esq., F.G.S.
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ALPHABETICAL INDEX

PROCEEDINGS OF THE GEOLOGICAL SOCIETY

[The fossils referred to are described, and those of which the names are printed
in italics are also figured.]

Abbeville, fossil bones and flint im-
plements from, 472.

Aberdeenshire, crag strata beneath the

boulder-clay, 371.

, pleistocene deposits of, 347.

Aberfeldy, section at, 363.

Africa, reptilian remains from, 49.

Alabaster of Tuscany, 484.

Allport, S., Esq., on the discovery of

some fossil remains near Bahia in

South America, 263.

Alt Ellag, section east of, 223.

Amiens, flint-implement from the

gravel near, 190.

Ammonite-bed of Dundry Hill, 23.

Ammonites Humphriesianus, zone of,

on the Yorkshire coast, 17, 19

;

Murchisonse, the zone of, in Glou-
cestershire, 5 ; in Yorkshire, 14

;

oxynotus, 407 ;
Parkinsoni, the zone

of, 37.

-, table of distribution of, by W.
Smith, xli.

Ammonite-zones of the Inferior Oolite.

Dr. Wright on the, 5 ; of the Lower
Lias, 389.

Anca, Baron de M., on Bone-caves in

Sicily, 106, 459.

Anderson, Rev. Dr. J., on the yellow

sandstone of Dura Den, and its fos-

sil fishes, 136.

Anniversary Address of the President,

xxvii-lv. See also Phillips, Prof. J.

Annual Report, i.

Anomalina elegans, 306.

Anomia Katerunsis, 178.

Area striatula, 1 79.

Ardl allanaig, veins at, 423.

Argilline or phyllade, 464.

Arnoboll, sec! ion at, 235.

Arrow-heads found with Cervus me-
gaeeros in a cavern in Languedoe,
491.

Asphalt of Trinidad, 467.

Asterolepis and Pterichthys, 121, 127.

Atkinson, T. W., Esq., on some bronze
relics found in an auriferous sand
in Siberia, 241.

Auchenaspis-beds at Ledbury. 196.

Auckland, New Zealand, Mr. C. Heaphy
on the volcanic country of, 242

;

Mr. Weekes on coal-beds near, 197.

Auriferous sand in Siberia, bronze re-

lics found in an, 241.

Australia, South, the geology of, 252,

253.

Avicula contorta zone, Dr. T. Wright
on the, 374.

Award of the balance of the Donation-
fund, xxvi; Wollaston medal, xxv.

Aymestrv rock at Ledbury, 193.

Bacon Hole, 488.

Bahia, South America, Mr. S. Allport

on the discovery of some fossils re-

mains near, 263.

Baljik, fossil foraminifera from, .301.

Barrett, L., Esq., on some Cretaceous
rocks in the south-eastern portion of

Jamaica, 324.

Batrachian (?) tooth from the coal of

Nova Scotia, -17.

Bauerman, H, Esq., on the geology of

the south-eastern part of Vancou-
ver Island, 198.

Bell Sound, Spitsbergen, 435, -136.

Ben Arnoboll, section across. 234.

Ben More of Assynt, section of, 222.

Bernal, F., Esq., on the so-called mud-
volcanos of Turbaco, 197.

I'cssarabia. freshwater deposits of, 281,
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Beverley Bay, Spitzbergen, 444.

Biloculina elongata, 307.

Birdlip Hill, Gloucestershire, section

of the Inferior Oolite at, 43.

Birnam, section across the Valley of

the Tay at, 351.

Black Point, Spitzbergen, 430, 436.

Blue Wick, Yorkshire, the Cephalo-

poda-bed at, 3.

Bone-cave at Brixham, 189 ; in Lan-
guedoc, 491.

Bone-caves in Sicily, 99, 459 ; the ter-

tiary basalt of Victoria, 148 ; South

Australia, 257, 259; South Wales,

487.

Bones obtained by Mr. Lamont in

Spitzbergen, list of, 438.

Bosco's Den, 488.

Boulder-clay of Vancouver Island, 202.

Boulders in Scotland, 369.

Breadalbane mines and minerals, Mr.
C. H. G. Thost on the, 421.

Brixham, Bone-cave at, 189.

Brodie, Rev. P. B., on the occurrence

of footsteps of Cheirotheriuin in the

Upper Keuper in Warwickshire,

278.

Bronze relics found in an auriferous

sand in Siberia, Mr. T. W. Atkin-

son on some, 241.

Bryozoa, fossil, from South Australia,

260.

Bryozoan limestone of South Australia,

252, 255.

Buckman, Prof. J., on some fossil

reptilian eggs from the Great Oolite

of Cirencester, 107.

Bulgaria, geology of a part of, 281.

Bulimina aculeata, 303.

Bulimus Oldhainianus, 181.

Bunbury, C. J. F., Esq., note on the

flora of the Oolite by, 115.

Bunter sandstone in the north-west

district of Cheshire, 67, 69.

Buprestida?, fossil, from Nagpur, 183.

Burr, T., Esq., on the geo:ogy of a

part of South Australia between
Adelaide and the River Murray,
252.

Burton Bradstock, section near, 47.

Bury Cross, Hampshire, section of the

strata near, 448.

Busk, G-., Esq., on fossil Po^yzoa from
near Mount Gambier, South Austra-
lia, 260.

Calcarina excentrica, 306.

Cambrian rocks of the north-west
coast of Scotland, 218.

Cambridge, Polyptvchodon from near,

262.

Candona Candida, 267.

Carboniferous and Permian series, fos-

sils common to the, 415.

Carboniferous (Lower) flora, 280.

Carboniferous series, south-easter1

y at-

tenuation of the, 78; rocks of Les-
mahago, 316 ;

of Nova Sco!ia, fos-

sils from the, 268.

Cardita ? pusilla, 179.

variabilis, 179.

Caribean formation, 462, 469.

Caves in South Australia, 257.

Cephalopoda-bed at Blue Wick, York-
shire, 3.

Cerithhim Leithi, 177.

multiforme, 176.

suhcylindraccum, 177.

Btoddardi, 177.

Cervus megaceros coexistent with Man,
491.

Chalk of Kent, Mr. R. Godwin-Austen
on the occurrence of a mass of coal

in the, 326.

Cheirotherium in the Upper Keuper
in Warwickshire, 278.

Chellaston near Derby, Messrs. T.
R. Jones and W. K. Parker on
some fossil Eoranhnifera from, 452.

Cheltenham, sections of the Inferior
Oolite near, 6, 8, 18; the Bone-bed
near, 379 ; the Lias near, 408.

Chertine or phthanite, 464.

Cherwell, Prof. J. Phillips on the
Great Oolite in the Valley of the,

115.

Cheshire, the Bunter Sandstone in

North-western, 67 ; the Lower Keu-
per sandstone and Bed Marl in the

north-west district of, 67.

Chiracanthus grandissimus, 123.

lateralis, 123.

pulverulentus, 123.

Chirolepis curtus, 123.

maci'ocephalus, 123.

ve'ox, 123.

Cirencester, some fossil reptihan eggs
from the Great Oolite of, 107.

Classification of the Inferior Oolite,

Dr. Wright on the, 4 ; of the Lias,

374.

Cleeve Hill, section at, 18.

Coal in the Clia'k of Kent, Mr. R.
Godwin-Austen on the occurrence
of a mass of, 326.

Coal-measures, probable extension of
the, from Warwickshire to the
Thames Valley, 74; southerly at-

tenuation of the, 74 ; under Oxford-

shire and Northamptonshire, Mr.
E. Hull on the probable depth of

the, 64.

Coal of Nova Scotia, Dr. J. W. Daw-
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son on some fossils from the, 268

;

of New Zealand, 197 ; of Tuscany,

485 ; of Vancouver Island, 109.

Coccosteus, Hugh Miller on, 129, 136.

decipiens, 128.

microspondylus, 128.

Milleri, 132.

p%isillus, 128, 131.

trigonaspis, 128.

Codrington, T., Esq., on the probably
glacial origin of some Norwegian
lakes, 345.

Colliery, Shireoak, near Worksop, 137.

Comparative sections of the Oolite,

Lias, and Trias, 81.

Conchodus, 126.

Copper-mines of Tuscany, 483.

Corbicula ingens, 179.

Corbis elliptica, 179.

Corbula Oldhami, 181.

sulcifera, 181.

Cornbrash of the Yorkshire coast, 27.

Correbuiehill, mineral veins at, 423.

Crag strata beneath the boulder-clay

in Aberdeenshire, Mr. T. F. Jamie-
son on, 371.

Cretaceous period, Mr. S. V. Wood,
jun. on the probable events which
succeeded the close of the, 328.

Cretaceous rocks in Jamaica, 324 ; of

South America, 470; of Vancouver
Island, 199.

Crickley Hill, section of the Inferior

Oolite at, 8.

Cristellaria aculeata, 303.

Crocodile, fossil remains of, from
Bahia, 266, 268.

CuJiam, section of the strata at, 309.

Curculionidaj, fossil, from Nagpur,
184.

Cynochampsa laniarius, 61.

Cypridaj, fossil, from Nagpnr, 186

;

from near Bahia, 266.

CJ/y^ra (?) Allportiana. 267.

conculcata, 266.

cylindrica, 186.

Hislopi, 187.

Himteri, 187.

(?) Montserratensis, 267.

strangulata, 187.

subglobosa, 186.

Cytherea elliptica. 180.

Himteri, 180.

Jerdoni, 18! >.

orbicularis, 180.

Rawest, 180.

Wa/psharei, 180.

. Wihnni, 180.

Dawson. Dr. J. W., on a terrestrial

mollusk, a chilognathous myriapod,

and some new speeics of reptiles

from the coal-formation of Nova
Scotia, 268.

Deeva Bay, Spitzbergen, glacier in,

431.

Del esse. M. A., on fossil incised bones,

476.
'

Dendrerpcton Acadianum, 273.

Devonian fishes, Sir P. G-. Egerton on
the nomenclature of the, 119.

flora, Prof. Goeppert on the,

279.

Dicynodon (Ptychognathus) declivis,

49.

Dicynodont reptiles, admeasurements
of skul s of, 58.

Dinnet, section of the Moor of, 352.

Dinosaur, fossil vertebra of, from
Bahia, 266, 268.

Diorite of Tuscany, 481.

Diplacanthus gibbus, 123.

perai-matus, 123.

Diplopterus gracilis, 123.

macrolepidotus, 124.

Dipterus brachypygopterus, 125.

macropygopterus, 125.

Valenciennesi, 125.

Distribution of Ammonites, by W.
Smith, xli ; of land and sea at the

lower Permian period, 65; of ma-
rine Invertebrata in time, xlv.

Dogger at Blue Wick, 15.

Dolomites, Mr. T. S. Hunt on (he

formation of gypsums and, 152.

Donations to the Librarv, x, 82, 203,

330, 498 ; to the Museum, ix.

Dorking, Polyptychodon from the

lower chalk at, 262.

Dorsetshire, Inferior Oolite of, 36.

Downton sandstone at Ledbmy, 195.

Drakenberg Mountain, South Africa,

reptilian remains from. 61.

Drift and roiled gravel of the north
of Scotland, T. F. Jamieson, Esq.,

on the, 347.

Drift-wood of Spitzbergen, 151, 432.

Dundry Hill, section of, 21.

Dura Den, the B,ev. Dr. J. Anderson
on the Yellow Sandstone of, 136.

Durness, the tract of, 227.

Earthquakes in Venezuela, 469.

East Indies, tertiary deposits asso-

ciated with trap-rock in the. 154.

Egerton, Sir P. Gh, palichthyologic

note, No. 12, on the nomenclature
of the Devonian fishes, by, 1 1 9.

E ephant remains in England and
Wa es, 491.

Elgin, Mr. C. Moore on (he repti'i-

ferous sandstones of, 4-15
; Rev. W.

S. Symonds on the reptiUferous
sandstones near, 458.
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Equisetites columnaris, A. de Zigno
on the, 113.

Kcenigii, 113.

Eriboll and Hope, sections across

Lochs, 326.

Eriboll House, section of the quartz-

rock and gneissose beds above, 231.

Eruptive rocks of the north of Scot-

land, Sir E. I. Murchison on the,

215.

Estuarine deposits at Yarmouth, 450.

Etheridge, B., Esq., note on Dundrv
Hill by, 21.

Euphotide of Tuscany, 481.

Ealconer, Dr. H., on the ossiferous

Grotta di Maccagnone near Pa-
lermo, 99 ; further observations on
the ossiferous caves near Palermo,
189 ; on the ossiferous caves of the

Peninsula of Gower in Glamorgan-
shire, South Wales, 487.

Eimbria-bed of Gloucestershire, 12.

Eishes, Sir P. G. Egerton on the no-

menclature of the Devonian, 119.

Fish-remains from Bahia, South Ame-
rica, Sir P. Egerton on some, 265.

Flint implements in bone-caves in Si-

cily, 104, 460 ; from the gravel near

Amiens, 190; of the Valley of the

Somme, Hi.

Flora of the Oolite, Baron A. de Zigno
on the, 110.

Flora of the lower palaeozoic forrna-

mations, Prof. H. B. Goeppert on
the, 279.

Flower, J. W., Esq., on a flint-imp
1

e-

ment recently discovered at St.

Acheul, near Amiens, 190.

Foraminifera, fossil, from New Zeal and,

251 ; from South Australia, 261.

Foraminifera of the Mediterranean,

292.

Fossil and recent Foraminifera, 292.

Fossil Cypridce from Bahia, 266

;

from Nagpur, 186.

Foraminifera from Chellaston

near Derby, 452.

fishes of the Yellow Sandstone of

Dura Den, 136.

insects from Nagpur, 182.

reptilian eggs from the Great
Oolite of Cirencester, Prof. J. Buck-
man on some, 109.

reptilian remains from South
Africa, Prof. Owen on some, 49.

Fossil shells from the bone-cave of

Maccagnone, 106 ; the freshwater

strata of Central India, description

of, by the Eev. Stephen Hislop, 166.

Fossil vertebra from near Frome, So-
mersetshire, 492.

Fossils from Auckland, New Zealand,

251 ; near Bahia, in South America,

263 ; near Gosport, 448
;
Spitzber-

gen, 442 ; the coal of Nova Scotia,

268 ; the grey chalk near Guildford,

324.

Freshwater deposits of Bessarabia,

Moldavia, Wallachia, and Bulgaria,

Captain T. Spratt on the, 281.

Freshwater strata and fossils of Cen-
tral India, 154.

Frocester Hill, section of the Inferior

Oolite at, 9.

Frome, Somersetshire, Polyptychodon
from near, 263 ; small fossil ver-

tebra? from, 492.

Fuller's earth, limited extension of

the, 72.

Fusus jpygmceus, 176.

Gabbro of Tuscany, 481.

Galesaurus 'plmiicefh, 58.

Gault at Culham, 309.

Geikie, A., Esq., on the Old Eed
Sandstone of the South of Scotland,

312.

Geological time, 1.

Geology of South Australia, Mr. Sel-

wyn on the, 252, 253 ; of Spits-

bergen, Mr. J. Lamont on the, 150

;

Vancouver Island, M. H. Bauer-
man on the, 198.

Gisborne, bone-cave in the tertiary ba-

salt near, 148.

Glacial origin of some Norwegian lakes,

Mr. T. Codrington on the, 345.

Glacier in Deeva Bay, Spitzbergen,

431 ; on the south-east coast of

Spitzbergen, 429.

Glastonbury Tor, section of, 34.

Glen Derry, 357.

Glenqueich, iron-ore at, 425.

Globigerina helicina, 305.

Gloucestershire and Yorkshire, the In-

ferior Oolite of, 1.

Glyptolcemus Kinnairdii, 137.

Glyptolepis, 125.

Gneiss, fundamental, of the north of

Scotland, 215.

Gneissose rocks of Sutherland and
Eoss, 237.

Godwin-Austen,E.,Esq., on some fossils

from the grey chalk near Guildford,

324 ; on the occurrence of a mass of

coal in the chalk of Kent, 326.

Goeppert, Prof. H. E., on the flora of

the Silurian, Devonian, and Lower
Carboniferous formations, 279.

Gold-bearing quartz-veins of Victoria,

145 ; rocks of Venezuela, 463 ; sand

of Siberia, 241 ; veins at Loch Earn,

425.
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Gold-drifts of Victoria, 150.

Gosport, Mr. J. Pilbrow on a well-sec-

tion near, 447.

Gower, in Glamorganshire, Dr. H.
Falconer on the ossiferous caves of
the Peninsula of, 487.

Grampians, Prof. R. Harkness on the
Old Red Sandstone and metamor-
phic rocks of the, 312.

Granitone of Tuscany, 481.

Gravel, rolled, of Aberdeenshire, 347.

Gravels from Spitsbergen, Mr. J.

Prestwich on the, 438.
Great Oolite in the Valley of the

Cherwell, Professor J. Phillips on
the, 115 ; Mr. E. Hull on the zones
of the, 72 ; of Cirencester, Prof. J.

Buckman on fossil reptilian eggs
from the, 107.

Grey chalk near Guildford, 324.

Grey limestone of Yorkshire, fossils of

the, 29.

Gristhorpe Bay, Yorkshire, section

from the Cornbrash to the Mille-

pore-bed in, 25.

Gryphite-grit of Gloucestershire, 7,

39, 44.

Guildford, Mr. R. Godwin-Austen on
some fossils from the grey chalk
near, 324.

Gypsums and dolomites, Mr. T. S.

Hunt on the formation of, 152.

Gyroptychius angustus, 126.

diplopteroides, 126.

Harkness, Prof. R., on the association

of the lower members of the Old
Red Sandstone and the metamorphic
rocks on the southern margin of the

Grampians, 312; sections by, in the

North-western Highlands, 221, 223,

230, 235.

Heaphy, C, Esq., on the volcanic

country of Auckland, New Zealand,

242.

Hecla Cove, Spitsbergen, 444.

Hemitonia 1
. muUiradiata, 178.

Hippurite-rock of Jamaica, 325.

Holoptychius Andersoni, 126, 136.

Flemingi, 126, 136.

princeps, 126.

Sedgwicki, 126.

Hislop, Rev. S., description of fossil

shells from (lie freshwater strata of
Nagpur and neighbouring parts of

Central India, by, 166 ; on the

tertiary deposits associated with

trap-rock in the East Indies, 154.

Hislopite, 160.

Horner, L., Esq., note to M. Lartet's

paper on fossil incised bones. 475 :

on the rock-spccimcns from Spitz-

bergen, collected by dpt. Parry
and Lieut. Foster, 442.

Hot springs of Venezuela, 468.

Hull, E., Esq., on the south-easterly

attenuation of the lower secondary
formations of England, and the

probable depth of the coal-mea-

sures under Oxfordshire and North-
amptonshire, 63.

Hunt, T. S., Esq., on the formation

of gypsums and dolomites, 152.

Hunterite, 161.

Hydrohia Bradleyi, 178.

Cartcri, 178.

Elliott, 178.

Hylonomus aciedentatus, 275.

Lyellii, 274.

Wymani, 276.

Hyoid apparatus of Oudcnodon, 56.

Ice Sound, Spitzbergen, 435, 436.

Igneous rocks of Sutherland, 232

;

of Tyndrum, 423, 427 ; of Van-
couver Island, 198.

Incised bones, fossil, M. Lartet on,

471.

India, freshwater strata and fossils of

Central, 154.

Inferior Oolite in Gloucsstershire, at-

tenuation of the, 71.

of Gloucestershire and York-
shire, Dr. T. Wright on the, 1.

Insects, fossil, from India, 182.

Iron-ore of Glenqueich, 425; in the

Shireoak Colliery, 140.

Italy, fossil foraminifera of, 297.

Jamaica, Mr. L. Barrett on some cre-

taceous rocks in the south-eastern

portion of, 324.

Jamieson, T. F., Esq., on crag-strata

in Aberdeenshire, 492 ; on the drift

and rol ed gravel of the North of
Scotland, 347 ; on the occurrence of

crag-strata beneath the boulder-clay

in Aberdeenshire, 371.

Jervis, W. P., E*q., on some miocene
rocks and minerals of Tuscany,

480.

Jones, T. Rupert, Esq., and W. K.
Parker, Esq., on some fossil fora-

minifera from Chellaston near
Derby, 452 ; on the foraminifera

from the Brvozoan limestone near
Mount Gambier, South Australia,

lit > I ; on the rhizopodal fauna of the

Mediterranean, compared with that

of t he Italian and some other tertiary

deposits, 293.

Jones, T. Rupert, Esq., reply on re-

ceiving the balance of the proceeds
of the Wbllaston-fund, xxvi ; on
some foFsil Entomo'straea from Mn»».
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serrate, South America, 266 ; on
fossil Cypridce from Nagpur, 186.

Jurassic flora, 110.

Jurensis-bed of the Upper Lias, 8, 10.

Kent, coal in the chalk of, 326.

Keuper and Bunter sandstones, un-
conformity of the, 77.

of Warwickshire, footsteps of

Cheirotherium in the, 278.

Killamarsh, section from the Shireoak

Colliery to, 142.

Kimmeridge Clay at Culham, 310.

Kirkby, J. W., Esq., on the occurrence

of Lingula Credneri, Geinitz, in the

coal-measures of Durham, and on
the claim of the Permian rocks to

be entitled to be a system, 412.

Kirtlington, section of the strata at

the, 117.

Knorria, 281.

Kursk, Russia, Polyptychodon from,

262.

Lakes in Norway, Mr. Codrington on
some, 345.

Lammermuu' Hills, Mr. Geikie on the,

320.

Lamont, James, Esq., notes about

Spitzbergen in 1859 by, 428 ; re-

marks on the geology of Soitzbergen

by, 150.

Lancaster, J., Esq., and C. C. Wright,
Esq., on the sinking at Shireoak
Colliery, Worksop, to the " Top
Hard Coal" or "Earnsley Coal,"

137.

Land and sea, distribution of, in the

secondary period, 65, 74.

Land-shell, fossil, from Nova Scotia,

270.

Languedoc, arrow-heads found with

Cervus megaceros in a cavern in,

491.

Lartet, Mons. E., on some arrow-

heads and other instruments found
with horns of Cervus megaceros in

a cavern in Languedoc, 491 ; on the

coexistence of man with certain

fossil bones, from various pleisto-

cene deposits, bearing incisions made
by sharp instruments, 471.

Leckhampton Hill, section of the In-
ferior Oolite at, 6, 39.

Ledbury, Rev. W. S. Symonds on the

section at, 193.

Lepidotus, fossil, from Baliia, 266, 268.

Lesmahago, Mr. A. Geikie on the

geology of, 313.

Lias and Oolite, junction of the, north
of Oxford, 115.

Lias in Gloucester, sections of, 8,

10, 21 ; Yorkshire, section of the

Upper, 33 ; Lower, of the South of

England, 374; south-easterly thin-

ning-out of the, 70.

Library Committee, report of the, iv.

Life, distribution of, xiv ; succession

of, xlviii; zones of, xxxviii.

Lignite of New Zealand, 197 ; Tus-

cany, 485 ; Vancouver Island, 199.

Lima-beds of the Lower Lias, 398.

Limncea attcnuata, 172.

oviformis, 172.

spina, 172.

subulata, 172.

TelanJchediensis, 172.

Lingula-bed at Blue Wick, 4.

Lingula Credneri in the coal-measures

of Durham, 412.

Linksfield, near Elgin, Mr. C. Moore
on the so-called Wealden-beds at,

445.

Lituola Soldanii, 307.

Llanos of Venezuela, 466 ; Loch Eri-

boll, section across, 229.

Loch More, section on the south bank
of, 226.

Lomatus Hislopi, 182.

London Clay at Great Yarmouth in

Norfolk, Mr. J. Prestwich on the

presence of the, 449.

Lower Keuper sandstone and red marl

in Cheshire, 67, 69 ; in East War-
wickshire, 69.

Lower Lias, attenuation of the, 70 ; of

the South of England, Dr. T.Wright
on the, 374,

Lower Old Red Sandstone, Mr. Geikie

on the, 314.

Lower paleozoic flora, 279.

Lower Permian beds of Central Eng-
land, 64.

period, distribution of land and
sea at the, 65.

Lower secondary rocks, Mr. E. Hull

on the south-easterly attenuation of

the, 67.

Low Island, Spitzbergen, 443.

Lucina (Kellia!) nana, 179.

parva, 179.

Ludlow rock at Ledbury, 195.

Lycett, Dr. J., note on Trigonia com-
posita, 16; Trigonia formosa, 41;
note on Trigonia producta, 45.

Maccagnone near Palermo, Dr. H.
Falconer on the ossiferous Grotto

di, 99.

Malaga, fossil foraminifera from, 299.

Malta, fossil foraminifera from, 296,

300.

Man, M. E. Lartet on the coexistence

of. with certain extinct animals,

471, 491.
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Mansfield, the Permian rocks and
Trias near, 75.

Marble Point, Spitzbergen, 4-13.

Marginuhna hirsuta, 302.

Lituus, 303.

Marlstone of the Cotteswold Hills, 70.

Meal Uaine, drift on, 359 ; section

across the Tummel Valley at, 361
;

section along the ridge of mica-slate

at, 364.

Mediterranean, Messrs. T. R. Jones
and W. K. Parker on the rhizopodal

fauna of the, 292.

Melania Hunteri, 166.

quadrilineata, 166.

tercbriformis, 266.

Meristos Himieri, 184.

Melamorphic rocks of Vancouver
I^and, 198.

Mica-schists of Breadalbane, 421.

Miliola Seminuhim, 307.

Millepore-bed, fossiis of the, 32.

Miller, Hugh, extracts of letters re-

ceived by Sir P. G. Egerton from,

129-136.

Minchin Hole, 488.

Mineral veins of Breadalbane, 422

;

of Venezuela, 463.

Miocene rocks and minerals of Tus-
cany, Mr. W. P. Jarvis on some, 480.

Moldavia, freshwater deposits of, 281.

Montserrate, South America, fossils

from, 265.

Moore, O, Esq., on the so-called Weal-
den-beds at Linksfield near Elgin,

and the reptiliferous sandstones of

Elgin, 445.

Morris, Prof. J., list of fossils from
near G-osport by, 448 ; on some fossil

shells from Montserrate, 266.

Mosquito Plains, 255, 257.

Mount Gambier, 252, 258 ;
Schanck,

252, 258
;
Wellington, New Zealand,

249.

Mud-volcanos of Turbaco, near Car-

thagena, 197.

Murchison, Sir R. I., supp'emental ob-

servations on the order of the ancient

stratified rocks of the north of Scot-

land, and their associated eruptive

rocks by, 215.

Murray, A., Esq., notes on some fossil

insects from Nagpur by, 112.

Murray River, tertiary strata near the,

252,' 253.

Muschelkalk, subaerial conditions du-

ring the formation of the. 76.

Museum Committee, report of the, ii.

Mvriapod fossil from Nova Scotia,

272.

Nagpur, Mr. A. Murray on some ib?si!

insects from, 182 ; Mr, S. Hislop on
the freshwater strata and fossils of,

154 ; Mr. T. Rupert Jones on fossil

Cyprida3 from, 186.

Nanairno River, strata and fossils of,

199.

Narbadda, freshwater fossils from, 181

.

Natica Stoddardi, 176.

New Zea'and, coal in, 197 ; the vol-

canic phenomena of, 242.

Nodosaria hirsuta, 302.

longicauda, 302.

ovicula, 302.

Pyrula, 302.

Nodosarina, 453.

Nomenclature of the Devonian fishes,

Sir P. Egerton on the, 119.

Nonionina Scapha, 306.

sphasroides, 306.

Norfolk, London Clay in, 449.

Northamptonshire, the probable depth
of the coal-measures under, 64.

North of Scotland, Sir R. I. Murchi-
son on the order of the ancient stra-

tified rocks of the, 215.

Norwegian lakes, Mr. T. Codrington
on the probably glacial origin of

some, 345.

Nova Scotia, Dr. J. W. Dawson on
some fossils from the coal of, 268.

Nuhecidaria luetfuga, 453, 455.

Tibia, 455.

Niicida pusilla, 179.

Nussdorf, fossilforaminifera from, 301.

Ofiocalce, 483.

Old Red Sandstone and the meta-

morphic rocks of the Grampians,
312.

Old Red Sandstone, fishes of the, 119.

of the South of Scotland, Mr. A.
Geikie on the, 312.

Oolite, attenuation of the, 71 ; Baron
A. de Zigno on the flora of the, 110;
Great, near Oxford, 116; of Ciren-

cester, fossil eggs from the, 107.

(Jul;tin * Bathonices, 108.

Ossiferous Grotta di Maccagnone, near
Palermo, the, 99.

Osteolepis arenatus, 124.

brevis, 121.

Ostrea Pangadiensis, 178.

Oiiflenodon, hyoid apparatus of, 56.

Oudenodon Bainii, 55.

Greyii, 56.

prognathic, 55.

Owen, Prof. R., on some remains of

Po
1

yptychodon from Dorking, 2(12;

on some reptilian fossils from South
Africa, 49 ; on some small fossil ver-

tebra from near Frome, Somerset-
shire, 492.
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Oxford, probable section under, 80;
Prof. J. Phillips on some sections of

the strata near, 115, 307.

Oxfordshire and Northamptonshire,

Mr. E. Hull on the probable depth

of the coal-measures under, 64.

Palaeozoic flora, 279 ;
period, land and

sea in the later, 74.

Palermo, fossil foraminifera from, 300

;

ossiferous cave near, 99.

Palichthyologic notes, No. 12, by Sir

P. G. Egerton, 119.

Palndina acicularis, 167.

conoidea, 169.—— Deccanensis, 167-

normalis, 166.

Pyramis, 167.

Rawest, 169.

Sanlceyi, 168.

soluta, 169.

subcylindracea, 168.

Takliensis, 169.

Virapai, 170.

Wapsharei, 167.

Parian formation, newer, 466, 469

;

older, 463, 469.

Parker, W. K, Esq., and T. B. Jones,

Esq., award of the balance of the Do-
nation-fund to, xxvi ; on fossil fora-

rninifera from South Australia, 261 ;

on the rhizopodal fauna of the Me-
diterranean, 293.

Parry, Capt., and Lieut. Foster, rock-

specimens from Spitzbergen, brought

by, 442.

Passage-beds from the Silurian to the

Old Eed Sandstone, 193.

Paviland Cave, 490.

Pea-grit of Gloucestershire, 7, 11.

Peak, Bobinhood's Bav, section at the,

14.

Pebble-bed, formation of a, 349.

Pent!and and Lammermuir Hills, Mr.

A. Geikie on the, 320.

Permian sand-rock near Worksop, 142

;

rocks and t.rias near Mansfield, 75 ;

Mr. Kirkby on the claim of the, to

be entitled a system, 412.

Perna-bed of the Cotteswolds, 42.

Perna mcleagrinoides, 178.

Phancropleuron Andersoni, 137.

Phillips, Jolm, Esq. (President), Ad-
dress on presenting the Wollaston

Medal to Sear'es V. Wood, Esq.,

xxv ; address to Mr. T. Eupert Jones

and Mr.W. Kitchen Parker on giving

them the residue of the Wollaston

Donation-fund, xxvi; Anniversary

Address, February 17, I860, xxvii

;

Notices of deceased Fellows:—Mr.
William Anstice, xxvii ; Mr. William

Jolm Broderip, xxvii ; Mr. John
Brown, xxvii; Mr. Joseph Came,
xxviii ; Earl Cathcart, xxviii ; Dr.

J. G. Croker, xxviii ; Sir I. L. Gold-
smid, Bart., F.E.S., xxviii ; Mr.
William Kennett Loftus, xxviii ; Mr.
David Mushet, xxix;. Sir G. T.

Staunton, F.E.S., xxix ; Mr. Samuel
Stuchbury, xxix ; Prof. Cleveland,

xxix ; Alexander von Humboldt, xxix

;

Archduke Jolm of Austria, xxx

;

progress of geology and palaeonto-

logy, xxxi
;

palteontological data,

xxxii
;

provinces in space, xxxv

;

provinces in time, xxxvi ; zones of

life, xxxviii ; the distribution of am-
monites, with a table of their dis-

tribution, drawn up by John Phil-

lips, under the direction of William
Smith, in 1817, xli ; beds below the

Chalk, xlii
;
palseontological periods,

xliii ; table of the distribution in

time of certain classes of marine in-

vertebrata, xlv; physiological rela-

tions, xlv ; succession of life, xlviii

;

geological time, 1 ; conversion of

geological into historical time, li

;

the gravel of the Valley ofthe Somme
with worked flints, lii ; conclusion,

lv.

Phillips, Prof. J., on some sections of

the strata near Oxford, 115, 307.

Physa Prinsepii, 173.

Physical geography of the Trias, 74.

Pilbrow, J., Esq., on a well-section

near Gosport, 447.

Pisidium Medlicottianum, 181.

Placodermata, 127.

Planularia pauperata, 454.

Platygnathus Jamesoni, 126.

Polyptychodon interruptus, from the

Lower Chalk at Dorking, Prof. Owen
on some remains of, 262.

Polyptychodon, remains of the, from
near Frome, Somerset, 263 ; from
the Upper Greensand near Cam-
bridge, 262, 263; from the Green-

sand of Kursk, Eussia, 262, 263.

Polystomella craticulata, 306.

crispa, 306.

Polytrema miniacea, 303.

Porcellanite or thermantide, 467.

Prestwich, J., Esq., description ofsome
gravels from Spitzbergen, 438 ; on a

raised beach in Mewsiade Bay, and
the occurrence of the boulder-clay

on Cefn-y-bryn, 487 ; on the bone-

cave at Brixham, 189 ; on the pre-

sence of the London Clay in Nor-

folk, as proved by a well-boring at

Yarmouth, 449.
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Provinces in space, xxxv ; in time,

xxxvi.

Psammolia Jonesi, 180.

Pseudoliva elegans, 176.

Pterichthys and Asterolepis, 121, 127.

Ptychognathns declivis, 51.

verticalis, 54.

latirostris, 51.

Pupa veiusta, 270.

Pylle Hill, section at, 445.

Quartz-reefs, gold-bearing, of Victoria,

146.

Qninqueloculina pulchella, 307-

Schreibersii, 307.

secans, 307.

vulgaris, 307.

Rajamanclri, estuarine fossils from, 176.

Rangitote Island, New Zealand, 269.

itaven's Cliff Cavern, 490.

Ravensgate Hill, section of the Inferior

Oolite at the, 39.

Recent and fossil Foraminifera, 292.

Recent shells from Spitzbergen, list of,

437.

Red Marl in Cheshire, 68, 69; in

East Warwickshire, 69.

Report, Annual ; of the Library and
Museum Committee, ii.

Reptilian eggs, fossils from the Great
Oolite, 107 ; fossils from South
Africa, Prof. Owen on some, 49

;

remains from Bahia, 268 ; from the

coal-measures of Nova Scotia, 273.
Reptiliferous sandstones near Elgin,

the Rev. W. S. Symonds on the,

458 ; Mr. C. Moore on the, 445.

Rhinoceros remains in England and
Wales, 691.

Rhizopodal fauna of the Mediterra-
nean, Messrs. T. R. Jones and W.
K. Parker, on the, 292.

Robin Hood's Bay, section of the

Inferior Oolite near, 14.

Rock -specimens from Spitzbei'gen,

collected by Capt. Parry and Lieut.

Foster, 442.

Rodborough Hill, Gloucestershire,

section of the Inferior Oolite at, 44.

Ross and Sutherland, geology of, 21").

Rotalia ammoniformis, 305.

Beccarii, 305.
-—- (Calcarina) Spengleri, 306.

elegans, 305, 306, 452, 455.

exeavata, 305.

Patella, 306.

(Planorbulina) farcta, 305.

repanda, 305.

Turbo, 306.

vermiculata, 305.

St. Acheul, flint implements from
the gravel at, 190.

Salter, J. W., Esq., on the fossils

brought from Spitzbergen by Mr.
Lamont, 439.

San Ciri, bone-cave of, 100.

Scotland, Old Red Sandstone of, 312
;

Sir R. I. Murchison, of the geology

of north-western, 215; the drift of

northern, 347.

Section across the gneiss hills, north

of Bahia, 264 ; the Permian rocks

and Trias near Mansfield, 75 ; at

Aust Cliff, 380 ;
Binton, Warwick-

shire, 394; Brockeridge and Def-

ford Commons, 393 ; Coombe Hill

near Cheltenham, 379 ;
Culham,

South of Oxford, 302; Garden
Cliff nearWestbury-on-Sevem, 378 ;

Linksfield, 446 ;
Montserrate, South

America, 265 ; Penarth Cliff near

Cardiff, 38 ;
Pylle Hill, 445 ; Shire-

oak Colliery, Worksop, 138, 143 ;

Street, Somerset, 390 ; Takli, 158 ;

the Piantain-garden River, Jamai-
ca, 325; Uphill, 445; Wainlode
Cliff on the Severn, 379 ; Wilm-
cote near Stratford-on-Avon, 386

;

Yarmouth, 450 ; from Broad Ledge
to Cornstone Ledge near Char-
mouth, 405 ; the Cornbrash to the

MiUepore-bed in Gristhorpe Bay,
Yorkshire, 25 ; the Shireoak Co.-
liery to Killamarsh, 142 ; near Bur-
ton, Bradstock, 47 ; near Bury
Cross, Hampshire, 448 ; Ciren-
cester, 197

; Te!ankhedi, 156 ; Wes-
ton-super-Mare, 382 ; Dundry HiU,
21 ; of the Inferior Oolite near
Robin Hood's Bay, Yorkshire, 14

;

of the junction of the Lias and
Oolite, north of Oxford, 116; of
the Lias near Cheltenham, 408

;

Lower Lias at Satford, 399; the
Passage-beds at Ledbury, 194

;

Steppe Deposits near Babel, Bessa-
rabia, 287; Steppe Deposits near
Inputsitza, Moldavia, 286 ; straia
at Kirtlington, north of Oxfon',
1 17 ; on the south side of the Da-
nube near Tultcha, 288.

Sections at Lake Raselm, 291, 292;
at Lyme Regis, 400, 404; in Van-
couver Island, 200; near Nagpur,
156, 158 ; of Lesmahago and the
Pentland Hills, 322; the drill
and grave! of Aberdeenshire, ,T>1,

o.")2, 357, 359, 361 ; the fmei?s
and overlying rocks of the North-
west of Scotland, 217, 226, 234;
Inferior Oolile in Gloucestersliire

6, 8, 9, 18, 40, 42, 43, 44; Somerset-
shire and Dorset, 34; Steppe De-
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posits in Moldavia, 285, 286 ; strata

near Oxford, 307-

Selwyn, A. R. O, Esq., Notes on the

Geology of Victoria by, 145.

Serpentine of Corycharinaig, 425 ; of

Tuscany, 481.

Serpula-bed at Blue Wick, 4.

Serrania of Venezuela, 463.

Shargan River, gold-mines near, 241.

Shireoak Colliery, Worksop, Messrs.

J. Lancaster and C. C. Wright on the

sinking for coal at, 137.

Siberia, T. W. Atkinson, Esq., on some
bronze relics found in an auriferous

sand in, 241.

Sicily, bone-caves in, 99, 459.

Silurian flora, 279.

Silurian rocks of Lesmahago, 313;
South Australia, 149 ; the North-

west Highlands, 220.

Smith, W., a table of the distribution

of Ammonites by, xli.

Somme, gravel and flints of the Valley

of the, hi, 190.

South Africa, Professor Owen on some
reptilian fossils from, 49.

South America, fossils from, 263.

South Australia, Mr. Burr on the

geology of, 252 ; the Rev. Julian
E. Woods on some Tertiary rocks

in the colony of, 253.

South-easterly attenuation of the Lower
Secondary rocks, 67.

South of Scotland, the Old Red Sand-
stone of the, 314.

South Wales, bone-caves of, 487.

Spirillina vivipara, 303.

Spiroloculina limbata, 307.

Spitzbergen, Mr. J. Lamont on the

geology of, 150, 4l)S.

Spratt, Captain T., on the freshwater

deposits of Bessarabia, Moldavia,

Wallachia, and Bulgaria, 281.

Stigmaria ficoicles, 281.

Stonehouse, Gloucestershire, section of

the Inferior Oolite near, 9.

Stour Eiord in Spitzbergen, 151, 434.

Strata, causes of variations in the per-

sistency of, 78.

Striated rock-surfaces in Scotland, 363.

Succession of life, xlviii ; of the rocks

in the North-west of Sutherland

and Ross, 217. •

Succinea Nagpurensis, 171.

Sutherland and Ross, geology of, 215.

Symonds, Rev. W. S., on the passage-

beds from the Upper Silurian rocks

into the Lower Red Sandstone at

Ledbury, 193 ; on the physical re-

lations of the reptiliferous sand-

stones near Elgin, 458.

Table of recent and fossil Forami-
nifera from the Mediterranean and
Euxine areas, 302 ; of the fishes of

the bone-bed, 388 ; fossil forami-

nifera from Chellaston near Derby,

457 ; zone of Avicula contorta and
Lower Lias, 376 ;

showing the zones

of the Lower Lias, 411.
*

Tabular synopsis of the Mediterranean
Rhizopoda, recent and fossil, 297

;

view of the Inferior Oolite in the

south of England, 5.

Tay at Aberfeldy, section across the,

363.

Taymouth, mineral views of, 425.

Tellina Woodwardi, 180.

Tertiary beds of Vancouver Island,

199 ; with Trap-rock, in the East

Indies, Rev. S. Hislop on the, 154*
of Victoria, 147; fossils of India,

154; rocks of South Australia, 252,

253.

Thames Valley, probable extension of

the Coal-measures from Warwick-
shire to the, 74.

Thinning-out of the Secondary For-

mation of England, 63.

Thost, C. H. G, Esq., on the rocks,

ores, and other minerals on the

property of the Marquess of Brearl-

albane in the Highlands of Scotland,

421.

Thousand Islands near Spitzbergen,

152, 432.

Time, provinces in, xxxvi; geological, 1.

Tomnadashan Mines, 422.

Tordleadh, section at, 230.

Trap-rock in the East Indies, the Rev.

S. Hislop, on the Tertiary deposits

associated with, 154.

Trias, Mr. E. Hull on the, 69 ; near

Mansfield, 75 ;
physical geography

of the, 74.

Trigonia composite, 15.

forniosa, 41.

producta, 45.

Trigonia-grit of Gloucestershire. 7, 40,

43, 45.

Tri'oculina reticulata, 307.

Trinidad, Mr. G. P. Wall on the

Geology of, 460.

Tripiopterus Pollexfeni, 124.

Trochammina alternans, 304.

charoides, 304.
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TRANSLATIONS AND NOTICES

or

GEOLOGICAL MEMOIRS.

Researches on the Origin of Rocks. By M. A. Delesse.

[Bulletin de la Soc. Geol. de France, 2e
Ser. vol. xv. p. 728 &c, 1858.]

§ 1. Researches on the origin of the rocks which compose the crust

of the globe date from the birth of Geology itself. Based, however,
on very incomplete ideas, they necessarily led to error; hence the

most extreme doctrines have prevailed in turn. Whilst Leibnitz,

Descartes, Buffon, Hutton, Playfair, Sir James Hall, Dolomieu, and
Desmarets attribute to the eruptive rocks an igneous origin, Bernard
de Palissy, "Werner, Kirwan, Mohs, and Jameson assign to them an
aqueous origin. The volcanic rocks alone are, by common consent,

placed without the pale of discussion, their origin being regarded as

evident. In these exclusive systems, an eruptive rock is of necessity

formed either by water or by fire ; it seems no other alternative

can be admitted.

The investigations on rocks in which for a long time I have been
engaged have naturally led me to the consideration of their origin.

This subject, so delicate, has been treated in our own tunc by eminent
geologists, amongst whom I may specially cite Humboldt, Erie de

Beaumont, Lyell, Murchison, Naumann, G. Bischoff, Dana, Daubeny,
Poulett Scrope, Sedgwick, Phillips, Hopkins, von Leonhard, B. Cotta,

Burat, Sorby, Studer, Hausmann, Boue, Keilhau, Fournet, Angelot,

Virlet, Durocher, Scheerer, Bunsen, and Rogers.

The most opposite systems are still in vogue as in the first days of

Geology, in a way that leaves the field entirely open to conjectures ;

it was easy for me then to set aside every preconceived idea, and to

adopt the different hypotheses which accorded best with facts. I

purpose now to give summarily an exposition of the results at which
I have arrived.

§ 2. When we go back to the origin of rocks, it is necessary to

investigate in the first place the different causes which have con-

curred in their formation. We must study, then, those which, in the

interior of the earth, render rocks plastic, and in general all those

which tend to developc minerals.

These causes are : heat, water, pressure, and molecular actions.

§ 3. Heat.—It is very evident that heat has contributed to the

formation of eruptive rocks. The burning volcanos which eject their

lavas in a state of igneous fusion give us an incontestable proof.
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Even when the heat is not sufficient to render a rock completely

plastic, it may, however, permit the substances of which it is com-
posed to combine amongst themselves, and hence it determines the

development of minerals.

When the different eruptive rocks are submitted to a strong heat,

expeiience teaches us that they are softened and often even liquified.

But in cooling they become vitrified, or at least they put on characters

very different from those they displayed at first. There is no excep-

tion in this respect, any more than there is with the volcanic rocks.

Moreover, the heat necessary to melt them is higher than that of

lavas. Many of the eruptive rocks are only merely agglutinated

by an amount of heat which would be more than sufficient to reduce

all the lavas to a complete fusion. This is the case notably in

serpentine, and rocks rich in magnesia, as also in granite and rocks

formed essentially of orthose and quartz.

But it is specially necessary in this preliminary study to call

attention to the characters presented by the rocks which have incon-

testably an igneous origin. These characters are in reality well

defined, and imprint on the volcanic rocks an indelible stamp.

We distinguish first of all a cellular structure, which, whether more
or less visible to the eye, is always apparent when we examine a

volcanic rock with the lens, and is never completely wanting. This

may result either from a disengagement of gas, or it may be from a

contraction of the molten matter.

We observe also that the minerals of volcanic rocks, and above all

of lavas, have generally a vitreous glance. They may be, moreover,

splintery, and traversed by a multitude of fissures. This may be

readily verified in the felspars, amphigene, peridote, augite, and
hornblende.

Now, although lavas may sometimes be very crystalline, they are

generally much less so than the rocks which apparently have not

been brought into a state of fusion ; and even when they present

very evident tir ces of fusion, there is always to be distinguished a

residue of crystallization which envelopes their minerals, and forms

what is termed their paste.

Lavas have otherwise characters which it is very difficult to define,

but which will not permit them to be confounded with any other

eruptive rocks. Of all the rocks, they are the most easily recog-

nized. Hence, when an eruptive rock presents the cellular structure

and traces of fusion, whilst at the same time its minerals have a

vitreous fracture, we must necessarily assign to it an igneous origin,

that is to say, that heat was the principal cause of its formation.

I would further remark that the eruptive rocks require generally

a much greater heat than that of lavas, to be, not molten, but

simply softened
;

that, on the other hand, rocks presenting in a very

evident manner traces of igneous fusion are somewhat rare in the

terrestrial crust
;
consequently it is only under exceptional circum-

stances that heat has played a principal part in the formation of

eruptive rocks.

It becomes then necessary to pass under review the other causes
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which contribute to the formation of rocks ; and first we come to the

consideration of water, which claims very special attention.

§ 4. Water.—"When we penetrate into the interior of the earth

we usually meet with water. This subterranean water forms

sheets which often occur in stages one below the other, and which
continue to very great depths. It represents assuredly a very

notable portion of the water which exists on our planet. It is

otherwise concealed ; and it is without doubt for this reason that

it has not attracted attention, and that geologists have not accorded

to it all the importance which it deserves. It is evident, however, as

Bischoff has remarked, that it must interfere in all the phenomena
which take place in the interior of the earth.

Let us seek, then, to appreciate the effects of this subterranean

water. In the first place, in proportion as we penetrate into the

earth, its temperature becomes successively elevated ; the materials

which it holds in solution augment little by little with the depth ; and
when its temperature is very high, it ought to exercise very energetic

chemical reactions on the rocks with which it is in contact. At all

depths the materials which it penetrates would easily obey the mole-

cular actions which incite them. The most favourable circumstances

here, then, are found combined for the development of minerals.

The following topics are then discussed :

—

§ 5. A rock contains water when it is in the interior of the earth.

§6.-4 rock, fusible or infusible, can become plastic by the agency

of water.

On this latter subject the author observes : When a fusible or

infusible rock is impregnated with water, it always experiences a

certain softening, and sometimes even becomes entirely plastic. Re-
ciprocally, when it loses its water it becomes on the contrary more or

less lithoid.

This action exercised by water on the physical properties of rocks

is extremely important, and it ought not for a single instant to be

lost sight of in researches like those with which we are now occu-

. pied ; for in the interior of the earth all rocks are humid, and con-

sequently very different from what they arc at the surface. The con-

dition in which we know them in our collections is also in some sort

exceptional. At a little depth, the water is moreover aided in its

effects by heat and pressure
;
consequently these three causes combined

ought to assist each other in reducing the rocks to a plastic state.

§ 7. Pressure.—Pressure, as Naumann rightly observes, has neces-

sarily exerted an influence in the formation of minerals and of the

rocks which compose the terrestrial crust. One comprehends indeed

that in the interior of the earth the rocks are subjected to a wry
considerable pressure, owing to the thickness of the strata which

cover them.

If one considers now the eruptive rocks, they must have sustained

considerable pressures resulting from the force itself which elevated

them to the surface. They have also been compressed by the lateral

pressures produced upon their walls hy the enclosing rock.

ij 2
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The upheaval of mountains, which has taken place sometimes on

a gigantic scale, and which has Drought up to the surface rocks from

a very great depth, has above all developed enormous pressures.

Whether the pressure may have been permanent or casual, it is

certain that it has changed the characters of the rocks upon which it

has been exercised ; it has altered their physical properties. On the

other hand it has produced similarities in contiguous rocks ; it has

permitted the play of molecular actions and the development of

minerals
;
consequently it has modified also the mineralogical compo-

sition of rocks.

In researches upon the origin of rocks, it is necessary, then, to take

it into account, and its effects are to be added to those of heat and

water.

§ 8. Molecular actions.—The molecular actions have also contri-

buted, it may be, to form the rocks, or it may be to metamorphose

them. However, it is proper to' consider them only as secondary

causes ; for they appear to be principally brought into play by heat,

by water, and by pressure. Electricity itself, which accompanies

and incites molecular actions, appears to result from those primary

causes.

It is the molecular actions which engender the minerals composing

the rocks. They are exercised moreover whether the mineral sub-

stances are in a gaseous, liquid, or solid state.

§ 9. A similar mineral may have an aqueous or an igneous origin.

—Great importance has been attached, and rightly, to the artificial

production of minerals ; and by means of very ingenious methods it

has been attempted to make them crystallize with the characters

which they present in nature.

It ought to be remarked, however, that it is not by any means
necessary to reproduce a mineral to be assured that it had an aqueous

or an igneous origin. Thus when minerals, such as quartz and cal-

cite, have crystallized in stratified rocks enclosing fossils which could

have lived only in water, one cannot refuse to them an aqueous

origin
;
similarly minerals, such as augite and peridote, which are

developed in the lavas ejected now by active volcanos, have incon-

testably an igneous origin.

Since the clever experiments of Sir James Hall, researches on the

artificial production of minerals have been greatly multiplied, and
often crowned with success. Amongst the savans who have under-
taken them of late, I may mention specially, Hausmann, Mitscher-

lich, Berthier, Euchs, von Leonhard, Becquerel, Ebelmen, de Senar-

mont, Daubree, G. Bischoff, "Wohler, Bunsen, Percy, Durocher,

Manross, B. Cotta, Charles Deville, Damour, Caron, and especially

Henry Deville.

But the bearings of the results obtained have been frequently ex-
aggerated ; for from the fact that a mineral had been obtained by the

dry way, or by the wet, it has been generally concluded that it had an
exclusive mode of formation.

It is easy to see, however, that a similar mineral may have had
at one time an aqueous, at another time an igneous origin.
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It is otherwise easy to comprehend why it is so ; for the chemical

and molecular actions which give rise to the mineral are exerted it

may be in the presence of heat, or it may be in the presence of water.

But, by a fortunate circumstance, an identical mineral presents

great differences in its characters according to the rocks in which it

has been developed.

It suffices, to appreciate these differences, to compare the vitreous

orthose of trachyte with the orthose of granite ; the augite of vol-

canic rocks with the pyroxene-diopside, or sahlite ; hornblende of

basalt and of phonolite with the amphibolc-tremolite, or actinote

;

the peridote of lavas with batrachite.

The decidedly special characters that each mineral takes, according

as it is formed in the presence of heat or in the presence of water,

will thus reveal its origin.

§ 10. The order of solidification of the minerals which compose a

rock is not that of their fusibility, is then considered.

§ 11. The characters of a rock depend on its chemical composition

and its origin.—When one studies the eruptive rocks, it is easy to

discover that their chemical composition is simple, and moreover but

little varied. They contain generally silex, alumina, oxide of iron,

magnesia, lime, potash, soda, and water. Other substances are pre-

sent, but in a very slight proportion.

The comparative examination of analyses of rocks teaches that,

when they have the same chemical composition, they may notwith-

standing present very different physical characters.

Thus the composition is sometimes the same in trachyte and

granite, in basalt and trap, and in granite and eurite. But if

trachyte encloses the minerals of granite, it is well distinguished from

it by its cellular structure and by the vitreous lustre of its felspar.

Well-marked clifferences exist equally between the other rocks which

I have cited ; and although their composition might be identical, no

geologist would ever confound them.

It is necessary to go back to the very origin of these rocks to find

the explanation of their differences. At the same time that heat,

for example, accounts for the cellular structure and vitreous lustre of

trachyte
;
water, pressure, and molecular actions give, on the other

hand, to other rocks the characters which distinguish them.

The differences presented by rocks having the same elementary

composition are due, then, to their origin. Consequently if the chemi-

cal composition of a rock exerts a great influence upon its characters,

the causes which have presided at its formation exercise apparently

a still greater.

§ 12. An eruptive rock which contains water is not necessarily de-

composed.—When an eruptive rock is decomposed, it generally con-

tains water. Thus it is easy to see that tbc granitic or trappcan

rocks pass first into a state of sand
;
afterwards, proportionately as

the decomposition of their felspathic parts progresses, they take up

a greater quantity of water ; and lastly, they become changed either

into clay, more or less impure, or into kaohn. It thus is certain that

their quantity of water is augmented. If they contain carbonates,
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the inverse takes place, and the quantity of these carhonates

diminishes.

But is it permissible to conclude from these facts that whenever an
eruptive rock contains water it has been thereby decomposed ? I

think not, and I regret to find myself in disagreement on this point

with some eminent French and German geologists.

§ 13. An eruptive rock has most commonly a complicated origin.—
The study of volcanic rocks shows that the definition of igneous or

aqueous rocks cannot be exact. It is necessary to give to these words

a different signification from those which they have in ordinary

language. Thus, when we say of a rock that it had an igneous

origin, it is not meant that it had been brought to a state of fusion

by heat alone : similarly of a rock of aqueous origin, that it will

only become plastic by the action of water. It must be understood

that these expressions have regard only to the principal agent in the

formation.

I repeat, that although heat or water may well play a predomi-

nant part in the formation of an eruptive rock, in no case is this

agency exclusive ; it is accompanied by other agents, especially by
pressure, and in general by the very various forces which can incite

molecular action.

Rocks assuredly present very different characters according to the

causes which have presided at their formation; but when these

causes are multiple, the characters become intermediate and much
less defined. The principal causes—heat, water, and pressure—are

usually found combined.

It is then very certain that an eruptive rock can have a mixed
and very complex origin. Is it then astonishing after this, that

interminable discussions have been raised amongst geologists when
they have tried to explain the origin of rocks ? and is it not evident

that the problem was not always to be solved on the terms within

which it was restricted ?

§ 14. Eruptive Bocks.—The preceding general considerations per-

mit us now to examine the origin of different rocks.

Heat imprinting its peculiar mark upon those rocks which it has

contributed to form, it is natural to group rocks according to the

importance of the part it has played. They may be thus divided

into three classes, according as they are igneous, pseudo-igneous, or

non-igneous.

I. Igneous Rocks.

§ 15. The igneous rocks have been reduced to a state of fusion, or

at least rendered plastic, by heat. They are almost always anhydrous.

They have a cellular structure, and to a certain degree are rough to

the touch. The minerals they contain have a decided and character-

istic vitreous glance. They form the rocks which are considered as

eminently volcanic
;
they often occur as lavas, and have preserved

traces of fusion.

Their extreme types are trachyte and dolerite, which"represent all

their qualities.
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§ 16. Trachyte.—This is a rock which, according to M. Nauinann,

contains orthose, anorthose, ferro-magnesian mica, and hornblende.

Quartz also occurs in it. These minerals are disseminated in a

cellular and rough paste, which is generally of a grey, white, or

reddish colour. The orthose is splintery, transparent, and has a

bright vitreous fracture which gives it a peculiar character ; it con-

tains numerous fissures parallel to the length of the crystals. It

differs so much from the nacreous orthose of granite, that mineralo-

gists consider it as a distinct mineral, and have given it the name of

vitreous orthose, or of ryakolite, or sanidine.

The ferro-magnesian mica occurs in well-defined crystals of a

brilliant black, or very dark brown colour. It is never accompanied

by the silvery white aluminous mica which is found in granite,

gneiss, and mica-schist.

The hornblende is black, and rarely of a blackish-green colour.

Its crystals are well formed, elongated, and even complete at both

extremities
;
they have a bright glance, and their lamellar structure

is very characteristic.

The quartz is rare when the trachyte is very cellular, viz. when
it bears evident traces of fusion. On the other hand it is abundant
when the trachyte has a more compact structure, and approaches

more nearly to quartziferous porphyry. Moreover the examination

of trachytic districts shows frequent passages between quartziferous

porphyry and trachyte containing quartz.

The fissures of trachyte are often covered with crystals of specular

oligist-iron ; sometimes the rock is completely impregnated with
them. It also contains chlorhydric acid, sulphur, and sulphuric acid.

It is important to note the presence of these substances, as we see

rocks thrown out by modern volcanos impregnated with them.

Some trachytes also contain zeolites : those of Hungary are also

often traversed by veins of opal ; they are then not quite anhydrous,

and consequently water has not been altogether absent in their

formation.

With regard to its chemical and mineralogical composition, trachyte

is closely connected with granite, from which it differs principally

by its cellular structure and the vitreous glance of its constituent

minerals ; but in proportion as these characters disappear, a group of

intermediate rocks is produced which contain more and more quartz,

and in which the influence of heat appears to have been gradually

diminishing.

Some writers, as Desmarets, de Saussure, Dolomieu, and L. von
Buch, have supposed that the action of the volcanos of Auvcrgnc on

the granitic rocks amongst which they have burst forth might have

produced trachyte. According to this hypothesis, trachyte would be

to a certain extent the product of granite re-heated and metamor-
phosed.

After observing (p. 754) that pressure is not essentially necessary

to the formation of trachyte, and that it is often accompanied by
thick beds of conglomerate on a large scale, he sums up his observa-

tions on this rock thus :

—
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Trachyte presents all the characters of an igneous rock; it has

"been melted, or at least softened, and rendered plastic by heat. "When

it is filled with quartz, we see its distinctive characters gradually

disappear, and it passes insensibly into porphyry: there is every

reason to believe that heat, then, plays a less and less active part in

its formation.

§ 17. Dolerite.—Dolerite, if we give this name to the lavas with

anorthose and anhydrous ejected by volcanos, offers in a still more

decided degree the characters of an igneous rock.

It is formed of anorthose and augite ; sometimes it contains

peridote, mica, and amphigene (or leucite). These minerals are

disseminated in a grey or blackish anhydrous paste, more or less

magnetic, and cellular. When this paste predominates and is very

cellular, the dolerite passes into a scoria.

The anorthose has a vitreous lustre ; it is white, translucid, and
laminated. It never assumes a greenish colour and a fatty lustre,

as in basalt. Consequently there is the same difference between the

anorthose of dolerite and that of basalt, as between the orthose of

trachyte and that of granite.

The augite is black or blackish-green, in crystals terminated at

both ends. It has also a glassy lustre, as is likewise the case with the

peridote and amphigene.

The author further on observes : There can be no doubt respecting

the mode of formation of the rock to which I here give the name of

dolerite ; for it is actually ejected by several existing volcanos. Thus
the lava of Etna contains labrador and augite; that of Vesuvius

contains amphigene, augite, and peridote. Dolerite has therefore been

reduced to the liquid state by the action of heat. To this therefore

the word " lava," by which several kinds of volcanic rocks are de-

scribed, should be specially applied.

§ 18. Trachyte and dolerite offer us two types of igneous rocks,

the origin of which is well known, since we can see them formed in

existing volcanos. They contain no appreciable quantity of water

;

for that which they may have contained has escaped by means of

fumarolles at the moment of their solidification. This water more-

over has spread itself through the cavities and fissures of the eruptive

rock itself, and to a certain distance in the neighbouring rocks. It

has produced chalcedonj^, opal, hyalite, quartz, carbonates, zeolites,

and generally all the minerals which fill the cavities of the amygda-
loidal rocks. Thus the effects of heat may be complicated by those

of water, even when the eruptive rocks are igneous and anhydrous.

II. PSEUDO-IGKEOUS EoCKS.

§ 19. Pseudo-igneous rocks have been reduced to a state of fusion

partly igneous, partly aqueous. Water, heat, and perhaps also

pressure, have all helped to make them plastic. They are always in

the state of hydrates. They have often also a cellular structure ; but

their minerals have only a very slight vitreous lustre. They separate

into prisms, or rather spheroids. They are generally associated with

igneous rocks, and they are chiefly met with in volcanic districts.



DELESSE—ORIGIN OF ROCKS. 9

The types "which I shall describe in the two felspathic series are

retinite and basalt.

§ 20. Retinite.—Retinite contains vitreous orthose, ferro-niag-

nesian mica, and also quartz. These minerals are disseminated in a

paste which is itself entirely vitreous, and which forms the greatest

portion of the rock.

The paste has a glance at once vitreous and resinous, which is

characteristic of retinite (pechstein) ; it is often cellular, and the

colour varies from red and brown to green and dark black. It always
contains a large proportion of water, sometimes as much as 10 per cent.

Obsidian may also be considered as a variety of retinite, in which
there are only slight traces of water and bituminous or organic

matter : in a complete classification of rocks it ought therefore to be
placed at the extreme limit of the hydrated igneous rocks.

The minerals enclosed in retinite are the same as those found in

the cavities of trachyte. There is especially much silex in the state

of opal, chalcedony, and quartz. Zeolites also occur.

The absence of carbonates in retinite, which deserves special notice,

is doubtless owing to the fact of the retinite being in a vitreous state.

Carbonates are generally wanting in those eruptive rocks which are

rich in silex, even when they are hydrated.

Eetinite is frequently found in volcanic regions, where it is often

associated with trachyte and also basalt. It forms well-characterized

veins ; and it is evident that it was completely plastic at the time of

its eruption.

After describing the different positions and modes of occurrence of

retinite, the author continues :

—

Phonolite differs much from retinite in its physical properties

;

nevertheless these two rocks contain vitreous orthose, and are hy-
drated; they are moreover associated with trachyte, so that they

represent two different states of hydrated trachyte.

The study of retinite and all the rocks belonging to the class of

vitreous trachytes shows us that these rocks are of mixed origin, and
result from the combined action of heat, water, and probably also of

pressure. They preserve, it is true, the characters of the igneous

rocks, but, instead of being anhydrous, are hydrated
;
water, then,

has played an important part in their formation.

§ 21. Basalt.—Basalt is then considered ; and the author comes

to the conclusion that all the properties of basalt distinctly show its

mixed origin, and that heat and water have contributed to its forma-

tion. It has really undergone an " aqueous fusion." Its temperature

was sufficiently high to permit the development of peridotc and augite,

but not sufficient, however, to completely disengage the water and
volatile substances. "VVc can understand thence why basalt is so

often associated with lavas, and why we observe it at great distances

from all kinds of volcanos. It should not be inferred, however, from

the water it contains tbat its eruption was submarine ; it was
formed, on the contrary, in the interior of the earth.

§ 22. Trap.—At the end of the pseudo-igneous rocks is trap.

Closely as it is allied to basalt, I think it differs from it in having
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had a less elevated temperature. Thus has resulted the ahsence of

peridote, the presence of a great quantity of carbonates and zeolites,

and, above all, that the metamorphism exerted was less energetic.

On the other hand, as the trap was completely fluid, I am led to

believe that it formed at the moment of eruption a kind of mortar or

miry paste.

It is probable that it then contained a much greater quantity of

water than the water of crystallization which it has retained : to this

water it owed its great fluidity. It was only when its crystalline

structure was developed that it became lithoid, and that it took on
thus its hardness as well as its cohesion.

I would remark, however, that the veins of trap may very well be
more or less argillaceous. There are some even having all the charac-

ters of true clays ; it has been always considered that these had been
decomposed and changed into a kind of kaolin. But to me it seems
that the trap has been preserved also in the state of muddy paste

;

for the characters taken by this paste must necessarily depend much
on its chemical composition : consequently whenever it was rich in

alkalies, for example, it became felspathic and very hard ; whilst in

the contrary case it could not well be solidified, but would remain
always in the state in which it was erupted.

III. Non-igneotjs Eruptive Eocks.

§ 23. The igneous and pseudo-igneous rocks represent those which
we ordinarily term volcanic. The non-igneous rocks which we now
study correspond to the plutonic rocks of Lyell. Their component
minerals have no longer the vitreous glance peculiar to igneous rocks.

Their structure is no longer cellular, usually even it is very compact.

Lastly, they are not associated with volcanic rocks, and consequently

they ought to have altogether another origin. It is really water and
pressure which has rendered them plastic ; for heat has only played

a secondary part in their formation.

§ 24. Granite.—After giving in detail his views of granite, the

author sums up : It seems to me that granite presents none of the

characters of igneous rocks. For the development of its minerals

it was sufficient that it formed a magma slightly plastic, the study

of the granites of some localities showing even that it could crystal-

lize in nearly a solid state. Water, assisted by pressure, has most
probably contributed in the most efficacious manner to render granite

plastic. Heat has likewise assisted ; but it was very moderate in

degree, and certainly much below redness. If we suppose the granite

to have attained a sufficient state of plasticity, it is evident that in

other respects the crystallization of its minerals has been determined

by chemical and molecular actions.

§ 25. Diorite.—Opposite the granitic rocks it is proper to put the

trappean rocks, in which the felspathic anorthose is associated with
mica and with hornblende, that is to say, with those minerals which
we find in granite. I shall consider specially diorite, which is one

of the most widely spread and most important rocks.

After noticing its characters, the author says : " Diorite approaches
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closely to granite in its mineral composition ; for its constituent

minerals occur in granite, and moreover its accessory minerals are

also there met with. It has sometimes a well-developed crystalline

structure ; its metamorphism is analogous to that of granite ; and it

sometimes passes insensibly into that rock, with which it is very often

associated.

" I think then that cliorite is formed under conditions interme-

diate between those producing trap and granite ; but in the gene-

rality of its characters it is essentially allied to granite, and conse-

quently it has been chiefly engendered by water and pressure, the

part played by heat being very subsidiary. Kersantite and euphotide

may have had a similar origin ; whilst hypertite and melaphyre tend

towards trap, and even basalt, conducting thus the transition into

the volcanic rocks."

§ 26. Serpentine.—More inexplicable than all other eruptive rocks,

serpentine remains to the present hour a perfect enigma.

The preceding investigations have completely familiarized us with
the idea that an eruptive rock may be hydrated. If in the pseudo-
igneous rocks, such as retinite and basalt, water and heat have played

the principal parts ; in serpentine the effects due to heat have nearly

disappeared, so much so that the plasticity of the rock can hardly be
otherwise attributed than to water and pressure.

In conclusion, serpentine is.very tender and highly hydrated ; it is

associated with cliorite and euphotide, into which it passes insensibly.

I think then that its origin is the same as with these.

§ 27. Resume.—The chemical composition of rocks having very

different external features may be the same ; for the characters which
are proper to them not only depend on their composition, but still

more on the agencies which were exerted at the period of their for-

mation. We can thus understand how rocks having the same com-
position, and yet different from each other, have been produced at the

same geological epoch. One comprehends also why, reciprocally, a

like rock has been erupted at different epochs.

The origin of rocks has given rise amongst geologists to inter-

minable discussions, in which the most opposite doctrines have appa-

rently triumphed in their turns. These fluctuations, sometimes very

abrupt, are explained by the exclusive importance attached to one or

other of the agents which have combined in the formation of rocks.

It is assuredly very difficult to make out the part which each agent

has played ; but it seems to me that the developments into which I

have entered lead one to repeat, with M. Agassiz* :
" After all, the

truth, as it so often happens, is here found to be between the different

systems. The different agencies to which each party refer the results

have all exercised their influences." [W. J. H. and T. R. J.]

* " Systeme Glaciaire. Nouvelles etudes et experiences," l
re

purtie, p. 572.
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On the Geology of Cakiuthia and Isteia. By Dr. Stache.

. [Proc. Imp. Geol. Instit. Vienna, Jan. 11, 1859.]

The portion of these provinces surveyed by Dr. Stache during the

summer of 1858 comprises the territories of Cosina, Concedo, Pin-

guente, Castua, and San Stefano, Inner Carniola between the Valley

of Wippach, the River Poik, the Lake of Zirknitz, and the bogs

around Laibach. Observations made in excursions between Gorice

and Trieste, along the Laibach-Trieste Railroad, and into the Karst,

are also added. The geological formations constituting this region

are :

—

I. Alluvia and present deposits in the extensive peat-bogs near

Laibach, along the Isonzo and its affluents, in the large plain S.W.
of Gradisca, and on the western shores of the Gulf of Monfalcone

and Trieste. In the valleys on the western banks of the Recca,

the small rivulets, when transitorily swollen by continuous rain or

melted snow, accumulate cones of materials torn from the sand-

stones and marls through which they take their course.

II. Diluvia.—These acquire some importance in the gravels ex-

tensively deposited along the Isonzo, between Gorice, Cormony, and
Gradisca, and in the loams of Copriva, Massan, and Biglia. They
are represented in the rest of the territory by—1, sporadic deposits

of red ferruginous loams, originating in the destruction of Werfen-
strata, and filling the clefts and caves in more ancient limestones

;

2, by pisiform iron-ores, derived from the detritus of pyritiferous

Eocene marls ; and 3, by secondary deposits of alum-ores in the

cavities of Upper cretaceous limestones.

III. Eocene Deposits.—A. Superior or Tassello Group. This consists

of alternations of thick-bedded solid sandstones associated with thin

layers of marl, and thick beds of marl or marl-slates, including

seams of sandstone. The strata are frequently folded and rolled up,

and so appear thicker than they really were in their normal hori-

zontal position. Except Eucoids, indistinct remains of carbonized

plants, and local accumulations of carbonized stems and branches,

this group shows no traces of former organic life. It is well deve-

loped on the banks of the Rivers Recca, Poik, and Quieto in the

Wippach valley, and along the shore between Trieste and Pirano.

B. Middle or INTummulitic Group.—This occurs rather constantly

between the upper group A and the Lower Nummulitic group, in

the shape of a conglomerate of solid Nummulitic limestones, of large

fragments of older Nummuhtic deposits, or of Nummulitiferous

nodules, imbedded in a soft marly cement. Where they overlie the

Tassello group it is only in consequence of local disturbances, the

effects of which are visible in the frequent and various foldings of

the whole group. Nummulites and other Foraminifera, and casts of

Bivalves, Univalves, and EcMnidce are of frequent occurrence. The
lowermost persistent stratum is a narrow zone of bluish or yellowish,

somewhat slaty limestone, with Fucoids (Trieste-Optschina) and

Crustacea (Sterna). This group is most conspicuous on the margins

of the Recca Valley, around Pinguente, and near San Stefano.
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C. Inferior or Great Nummulitic Group. This is composed of

limestones in strong bedded masses, or in thinly foliated calcareous

slates, sometimes of considerable hardness. Their colour is white or

light-yellow, or grey passing into dark-grey and black in the thicker

layers. Their development throughout the whole of Istria is very
conspicuous ; and they may be subdivided, according to the nature of

their organic remains in general (Corals, Terebratulm, Alveolince,

Echinodermata), and the species of Nummulites included in them, into

several subgroups, each of them constantly keeping a fixed horizon.

D. Lowermost or Freshwater Group. Its strata are interposed

between the group C and the uppermost Eudista-limestones. Their

lowermost horizon is marked by grey or brown bituminous lime-

stones, with lenticular coal-beds, large freshwater shells, and fruits

of C'hara, most constantly overlain by hard smoke-grey limestones,

containing small freshwater Gasteropods, and, in some localities, an
enormous quantity of Cham. Dr. Stache gives to these strata the

name of " Cosina-Vrem Strata," from the places where they occur

most conspicuously, and he thinks them to be old Tertiaries, cor-

responding with certain portions of D'Orbigny's " Suessonien in-

ferieur" (Calcaire lacustre de Hilly).

IV. Cretaceous Rocks.—These are very prevalent within the terri-

tory in question, and may be subdivided, although with some diffi-

culty, into three more or less distinct groups :

—

A. Superior Rudista-group, comprising limestones, of compact or

slaty texture, and calcareous breccia, generally of white or clear

colours, and including Hippurites and Radiolites, throughout their

range in Istria, as a nearly constant narrow zone on the margin of the

Nummuhtic deposits. Near Kaal they are almost entirely composed
of fragments of Cidarites and other Echinoderms.

B. Middle or Eadiolite-group, comprising generally dark-coloured

limestones, dolomitic limestones, and dolomitic breccia, with some-
times a strong bituminous smell. They admit again of subdivision

into—1. An upper series, in which prevail limestones, alternating

with dolomitic arenaceous strata, and including in enormous quan-
tities a long and slender species of Radiolites. 2. A lower series of

breccia and sandstones, of essentially dolomitic character, rarely in-

cluding organic remains, or subordinate limestone-beds. These two
series together constitute the plateau of the Schneeberger-Wald,

the Schneeberg itself (5673 ft.), the N.E. portion of Istria, and all

the Karst region.

C. The Inferior Rudista-group ; with two subdivisions :

—

1. Upper series composed of limestones in laminae, with corneous

silex, and marly, dark-coloured, bituminous, calcareous slates, known
long ago to yield a few remains of Fishes near Comen and in some
other localities.

2. A lower series of undoubtedly Ncocomian origin, which may
be also called Caprotina-limestones, on account of a species of these

bivalves (probably Ca/pr. ammonia) occurring very frequently in

the yellow or grey limestones conrposing it. This group may be

distinctly traced along the railroad from Laasc to Loitsch.
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The group A may be parallelized, with D'Orbigny's " Senonien; "

the group B with his " Turonien;" aud the group C with the Upper
Neocomian.

V. Trias.—This is wanting in Istria, hut is conspicuously deve-

loped in Inner-Carniola, bordered by the Cretaceous group in a

direction nearly parallel to the line of fracture running through the

Planina, Zirknitz, and Baha Valleys. It may be divided into three

subgroups :

—

A. The Upper Trias, with prevailing greyish limestones and sili-

ceous and sometimes striped dolomites, with traces of repeated

disturbances. Its fossil remains are Chemnitzice and (especially in

the intercalated reddish marl-strata) numerous individuals of Mega-
lodus Garinihiacus, Corbula Rosthorni, and other forms charac-

terizing the " Raibl-beds." The limestones, nearly everywhere

associated with the Megalodus-strata, are full of the shells of a large

bivalve (Ostrea), so solidly impasted in the limestone that specimens

sufficient for generic determination are scarcely to be obtained.

B. The Middle Trias, consisting in descending order of—1. Black

limestones, full of Pentacrinites, with some few small Brachiopods.

2. Fine-oolitic limestones, with numerous small Gasteropods and
Bivalves, characterizing them as analogous to the St. Cassian strata.

3. A series of dolomitic strata, of considerable thickness.

C. The Lower Trias, exhibiting in descending order—1. Dolo-

mite, in thin strata, alternating with corneous silex and variegated

marls. 2. Yariegated marl-slates and red sandstones, with thin

strata of dolomite, yellowish and grey sandstones and slates, bearing

the pakeontological features of the Werfen-strata.

VI. Carboniferous Group.—(Gailthal-beds : conglomerates, slates,

and sandstones) ; confined to some few localities, and nowhere ex-

tensive. [Count M.]

On the Tertiaries and Porphyries of the Sank Kiver, Lower Sxtria.

By M. Th. Zollikoper.

[Proceed. Imp. Geol. Instit. Vienna, January 25, 1859.]

These Tertiaries, deposited in the depressions of rocks of more
ancient date, are remarkable as including a great quantity of Brown-
coal, and as being intermediate in age between the Eocene and JSTeogene

periods. Besides the impressions of leaves bearing an Eocene

character, as those of P^tzka, no fossil species occurring in them is

decidedly Eocene or Miocene, some of them (as CeritMum margari-

taeeum) being rather indicative of an Oligocene origin.

In connexion with these Tertiaries, solid porphyries and porphy-

ritic tuffs make their appearance, which, although known long ago,

have been the subject of many controversies. M. de Morlot sup-

poses them to be partial 'metamorphoses of the sedimentary rocks

with which they are sometimes alternate. Dr. Rolle admits the

eruption of solid porphyry, subsequently destroyed and regenerated

into tufaceous layers. According to M. Zollikofer's local observa-
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tions, the porphyries are contemporaneous with the Werfen-strata.

The tuffs are either tufaceous sandstones intimately connected with

the porphyries themselves, and therefore contemporaneous with

them, or of an aspect resembling silex, and evidently Tertiary beds

metamorphosed by the contact, or at least the proximity, of the por-

phyries, in a way still unexplained. Near Tiiffer the Tertiaiy marl-

slates next to the porphyries are abruptly metamorphosed into

corneous silex or tufaceous sandstone. [Count M.]

On ilie Geology of North-western Bohemia. By M. Jok£ly.

[Proceed. Imp. Geol. Instit. Vienna, January 25, 1859.]

The mass of the Iser-Gebirge, representing the central nucleus of

the Sudetian mountains, is granitite, a compound of oligoclase and

interspersed binary crystals of constantly pale-reddish orthoclase.

Granite is but of secondary occurrence, either as fragments impasted

in granitite, or distributed in irregidar masses among the gneiss sur-

rounding the southern slope of the granitite, or rising as so many
islands above the diluvial deposits.

The Jescken Mountain-group joins the Iser-Gebirge on the south-

east. Its chief constituents are argillaceous slate, with local beds

of quartzite, granular limestone, amphibolic rocks, and greywacke-

like slates with intercalated gneiss, probably of eruptive origin.

Manifold irregularities in the stratification of these rocks may be

ascribed to a pressure which has acted on them in the direction from

N. to S.

Granite, with two distinct species of felspar, mica, and a dichroi't

quartz (Prof. Cotta's " Rumburg-granite ") is the essential consti-

tuent rock of the Rumburg-Hainspach Mountain-group. Another

variety of granite, with pale-reddish felspar, resembling imperfect

granite, forms local masses within the prevailing variety. Grey-

wacke and gneiss, with veins of galena and pyrites, like those of the

Jescken, and here and there amphibolic slates, are locally included

in the granite, being probably large fragments torn away from the

Jescken schistaceous masses, and essentially different from the veins

of massive diorite-likc amphibolites running locally through the

granitic rocks.

From the circumstance of crystalline slates and gneiss everywhere

conformably overlying the granitite, this rock may well be supposed

to be the efficient cause of the last upheaval in the Sudetian moun-
tains. Granite, far less diffused, and having evidently taken hut a

very secondary share in this convulsion, is undoubtedly of more remote

date than the granulite. The steep upheaval of the Old Bed of

Liebenau and of the Cretaceous deposits (" Quader ") along the border

of the Jescken, and further off, may be of still less remote date,

being confined to a very limited space ; rolled fragments of granite

moreover occur in the Old Bed conglomerate, lying between mela-

phyre and porphyry. [Count M.j
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Fossil Salamandrid^i: of Bohemia. By Dr. H. yon Meyer.

[Proceed. Imp. Geol. Instit. Vienna, March 29, 1859.]

M. Jokely found in the summer of 1858 in the basaltic tuff of Alt-

Warnsdorf (N. Bohemia) the remains of a Batrachian (belonging to

the Salamandridai) nearly approaching to the Triton opalinus, H.
v. Meyer, from Leschitz (Bohemia). The head and anterior part

being wanting in the Alt-Warnsdorf specimen, the generic deter-

mination remains still uncertain. This specimen (Tr. basalticus, H.
v. Meyer) differs from Triton ojpalinus by its stronger tibia3, by the

proportions of the vertebral and caudal processes, and by the pre-

sence of a tail, wanting in Tr. opalinus ; and from Salamandra
basaltica, from Markersdorf (1ST. Bohemia), by the proportion of its

tibia and femur. The Rhenish Brown-coal yields two species of

Salamandridce (Salamandra Ogygia and Triton Noachicus), both un-
known in the analogous Tertiaries of N. Bohemia. Palceobatrachus

Goldfussi, however, occurring plentifully both in the Rhenish and in

the Markersdorf Brown- coal, it may be considered that these deposits

are coeval. [Count M.]

Metallic Lead in Basaltic Rocks. By F. Ritter von Hauer.

[Proceed. Imp. Geol. Instit. Vienna, March 29, 1859.]

Professor Redtenbacher and Baron Ch. Reichenbach found in a

specimen of greywacke-like basaltic tuff from Rautenberg (N. Mo-
ravia), intended for chemical analysis, one larger and five or six

smaller metallic grains, firmly adhering to the stony mass and offer-

ing all the physical and chemical characters of metallic lead. Dis-

solved in nitric acid, this substance gave perfect crystals of nitrate

of lead ; and sulphuric acid produced in the solution a copious white

precipitate, blackening with sulphuret of ammonia, but not soluble

in it.

The occurrence of native lead is extremely rare ; the only authen-

ticated instances of it are a specimen with oxide of lead, from Perote

(Vera Cruz), brought to Europe by Mr. Stein, some minute scales

and globules, discovered by Dr. Ferrenner in 1853, in the auriferous

sands of Olah Juan (Transylvania), and a sinlilar occurrence in the

gold-sands of Leontjewsky (Ural mining district). [Count M.]

On the Fossil Fishes of the Austrian Empire. By M. Stejndacher.

[Proceed. Imp. Acad. Vienna, July 14, 1859.]

Six new species have been described by M. Steindacher. The first

of them, Avpichihys pretiosus, a new genus of the (at present tro-

pical) family Vomeridce, occurs in the dark slates of Camen in

Istrian Karst. The second, Strinsia alata, from the tertiaries of

Szakadat (Transylvania), is the first known fossil species of a genus

the only known recent species of which (Str. Tinea) lives on the

Sicilian coast. Of the four others, all from the Tertiaries of Pod
Sujed, near Agram (Croatia), one is a Scomber, the first fossil repre-

sentative of the genus, and whose nearest recent ally fives in the

Indian Seas ; and the others belong to the genus Chcetoessa, hitherto

unknown in a fossil state. [Count M.]
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On the Kossen Strata in North-western Hungary. By M. Stork.

[Proceed. Imp. Acad. Vienna, December 1, 1859.]

Stjess, Oppel, and Rolle have already treated of the Kossen Strata,

the parallelism of their Alpine representatives with their Extra-alpine
" Bone-bed," and their geological position with respect to the Keuper
and Lias. The parallelism between, and contemporaneity of, the

Kossen-beds and the Bone-bed have been well proved. Their geolo-

gical position, however, is still controverted. The geologists of

Vienna have considered the Kossen Strata to be Liassic; whilst others,

especially of late, regard them as being the uppermost subdivision of

the Keuper-series. This question, unimportant or not to be solved in

some cases, may be easily answered as respects the Kossen Strata.

If, indeed, the Acephala occurring both in them and in the sand-

stones of the Bone-bed bear a greater resemblance to those of the

Trias ; their Bmchiojioda, which are of greater geological import-

ance and specifically recognizable, are referable only to those of the

Lias. Ammonites planorbis, a genuine Liassic form, occurs in the

Kossen Strata. Other species are known to pass from the Kossen-
beds into the overlying Lias ; the strata always have such markedly
transitional characters, that the former could not be regarded as

Keuperian without doing violence to well-established facts.

In Hungary the Kossen-beds rest immediately on the Red Sand-
stone of the Carpathian Mountains ; this sandstone, like the analo-

gous deposit in N.-E. Bohemia, includes masses and interstratified

layers of melaphyr and amygdaloid. The Werfen-slates occur only

at one place in the eastern portion of the district. The Upper Trias

is wanting in N.-W. Hungary. It may hence be inferred that the

Carpathians formed a continental area, and remained so for the whole
interval from the deposition of the Rod Sandstone to that of the first

of the Kossen-beds ; and that previous to the formation of the latter

some convulsive movement must have newly exposed a portion of

the land to the action of the sea. This disturbance gave a new
direction to the subsequent deposition of inorganic matter and deve-

lopment of the organic forms ; which also affords an argument in

favour of the Liassic relation of the Kossen Strata. [Count M.
j

On Hoernesite ; a New Mineral Species. By Prof. Kenngott
and Director Haidixger.

[Proceed. Imp. Acad. Vienna, March S, I860.]

When at the Vienna Imperial Museum, Prof. Kenngott (now al

the University of Zurich) had recognized this new species and
proved it, by blowpipe, to contain magnesia and water and an acid

of a doubtful nature. Lately he transmitted to Dr. Ebrnes the

vol. xvi.

—

part n. c
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preliminary results, leaving to him and Dr. Haidinger the denomi-

nation of this new species. Dr. Haidinger chose the denomination

of Hoemesite, indicative of the friendly and scientific intercourse

between the discoverer and his former collaborator at the Imperial

Museum.
Hoemesite ranks among the "Haloids" of Mohs's system, and

appears in spheroidal groups of crystals, developed within the free

interstices into small rhomboid lamellae, with an acute angle of 36°
;

which Dr. Haidinger regards as belonging to the Augitic (Mohs's
" Hemiprismatic") system. The crystals are white and flexible,

with a single cleavage-plane of pearly lustre, parallel to the longi-

tudinal surface. The hardness is equal, or perhaps inferior, to that

of talc (1-0 of Mohs's scale): specific gravity=2'474. According

to Chev. Ch. de Hauer, the electro-negative element is arsenic acid,

and the chemical formula is 3MgO.As0 5+ 8HO (arsenic acid, 46-33

;

magnesia, 24-54
;
water, 29-07

;
loss, 0-06).

The only specimen at present known came to the Imperial

Museum with the celebrated collection of Yan der Null, and has

been mentioned by Mohs, in the description of this cabinet, under

the denomination of talc, to which, and especially to its variety

with stellar fracture (known as " pyrophyllite"), it bears indeed a

striking resemblance. This specimen is said to come from the Banat,

probably from the environs of Oravieza. The new species is particu-

larly interesting as filling up a blank in the series of the hitherto

known native arseniates of copper, iron, cobalt, and lime.

[Count M.]

On the Geology of Tahiti and Taiarapoo. By M. Ejtlczycki.

[Proceed. Imp. Geol. Instit. Vienna, December 13, 1859.]

Dr. Scherzer sent to Director Haidinger a note from M. Kulczycki,

Director of the Native Department at Tahiti, on the geological

structure of this island and of the peninsula of Taiarapoo. The author

recognizes the existence of the three regions, distinctly marked out

by their botanical features, so well described by Dr. C. Darwin,
and undoubtedly essentially connected with the geological history of

the island and its gradual rise above the level of the sea. The two
crateriform systems of Tahiti and Taiarapoo belong to the first, or

eruptive period. During the second period the solidified crust was
upheaved to its present level, and torn into radial fissural valleys.

The level of the sea during the first period may probably still be

traced by means of a corallian girdle running round the whole island

below its present summits (3800 ft.). The fossil madrepores men-
tioned by Mr. Stutchbury (Sir C. Lyell's ' Geology ') may probably

belong to this girdle, the existence of which, however, may still

remain problematic for a long time, on account of the inaccessibility

of some part of the island.

Basalt, compact, with olivine, or irregularly columnar,—porose

zeolitic lavas,—and trachytes (on the southern portion, and at the

east point of Taiarapoo), sometimes decomposed into impure kaolin,



HORBYE ON EROSION IN NORWAY. 1!)

are the prevailing rocks. Conglomerates of volcanic fragments and
ashes, with coralline detritus and shell-sand, sometimes more or less

distinctly stratified, occur along the coast. The sea-beach is covered

either with white coralline or with black volcanic sands, brought
there by marine and freshwater currents. At one place there are

saturated ferrugineo-carbonic springs. The average atmospheric
temperature of Tahiti is 26-1° C. ; the normal temperature of springs

is 20-21° C. [Count M.]

On New Triassic Cephalopoda from Halstatt.
By Franz Bitter von Hatter.

[Proceed. Imp. Acad. Vienna, March, 8, I860.]

Chev. Fr. de Hatter, by describing twenty-four new species of

Cephalopods from the Halstatt strata, has brought the total of species

known to occur in this formation (one of the most abundant in this

order at present known) to the number of ninety-two. The majority

of these twenty-four new species belong to the genera Ammonites
and Nautilus. A group among them, however, differing from Am-
monites by their non-dentated lobes and saddles, and from Gonia-
tites by their siphonal funnel directed forward, required the estab-

lishment of new genera, of great importance as respects the gradual

development of the Cephalopods in general, and their relation to

other genera of this order. These new genera represent the sim-
plest forms of the Ammonitean family-type, and consequently obtain

their full development in the Triassic Period, during which this

family makes its first appearance ; and they are of but scarce oc-

currence in the subsequent deposits. [Count M.]

On the Phenomena of Erosion in Norway. By J. C Horbye.

[Observations sur les Phenomenes d'Erosion en Norvege, recueillies par J. C.

Horbye, Intendant du Musee Mineralogique de l'Universite Royale de Chris-

tiania, et publiees avec Pautorisation du Senat Academique par B. M. Keilhau,

Professeur de Mineralogie, &c. &c. &c. Avec trois cartes et deux planches.

(Programme de l'Universite pour le l
er

seincstre 1857.) 4°. Christiania,

1857.]

This work is the result of a large number of observations on the

glacial phenomena extending over the whole of the Scandinavian

peninsula. These observations are embodied in maps and plates ;

but are also described in detail in the fifty-six pages of letter-

press.

The large map, embracing the southern portion of the peninsula,

is coloured, showing at a glance the tabular summits of the moun-
tain-chain, with their dee}) fiords and gorges ramifying into the heart

of the country from the coasts. The directions of the glacial strise

are indicated by arrows at the points of observation. Of the two
smaller maps, one shows the direction of the stria: over Norway,
Sweden, and Finland; the other (by Th. Rordam) indicates the

lines of striation along the Gulf of Christiania.

H. Hbrbye's observations lead to the result—that the ice. either

as glaciers or floating bergs and tloes, had a general tendency to

radiate from the central chain. Thus, along the western and
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northern coasts, the striae point westward and northward. Along the

Gulf of Christiania there are two systems of striations crossing at a

small angle; but, on the whole, pointing southward. Along the

eastern and southern slopes the striae range in the direction of

North Germany and Russia, being continued across the plains of

Finland
;
confirming (if any confirmation were necessary) the general

belief of the Scandinavian origin of the erratic blocks which are

scattered over those countries.

M. Horbye gives many interesting local details on the subject of

strice and Roches moutonnees, and the means for determining the di-

rection in which the ice has moved at given points. [E. H.]

On some Greenstones and tlieir Secondary Minerals.

By Dr. Tschermak.

[Proceed. Imp. Acad. Vienna, March 8, I860.]

The Greenstones of Neutitischein (Moravia), varied as they are,

may be brought under three distinct classes : diorites, simple dia-

bases, and calcareous diabases. The diabases give origin to only a

small number of secondary minerals ; the diorites are more pro-

ductive in this respect. The most interesting among them is the

serpentine, the origin of which may be traced through the whole

series of gradual decompositions undergone by the diorite. The
presence of lime in the diorites has had but little influence on the

nature of the secondary minerals produced by their decomposition.

[Count M.]

On the Lignite of Schonstein, Styria. By Dr. Rolle.

[Proceed. Imp. Acad. Vienna, February 3, I860.]

The geological and paheontological characters of this small ligniti-

ferous basin are those of a secluded lacustrine deposit. The chief

materials which have undergone the process of lignitization are, ac-

cording to Prof. Unger's determination, stem-fragments of Peuee

acerosa, frequent also in other lignitiferous beds of Styria. Two
others of the fossil species from Schonstein agree with some from

the Swiss Molasse ; whilst two others are undescribed, and not as

yet met with in any other locality.

The molluscan remains seem to indicate a less remote geological

age than may be inferred from the consideration of the plant-remains

alone. Undescribed species of BitMnia, Hydrobia, and YaJvata, not

known to occur in any other locality, are the prevailing forms.

Some few individuals of other species, still living and partly known
in the post-tertiary period, may be obtained by washing the fossi-

liferous marls. None of the Schonstein species are found among
the now well-explored molluscan fauna of the Vienna Basin.

From all this Dr. Rolle infers that the lignitiferous beds of Schon-

stein correspond to a certain group of strata, palaeontologically ascer-

tainable only at very few localities, which have been considered

either uppermost tertiary or lowermost diluvial, and the most an-

cient known type of which is represented by the ossiferous strata of

the Arno Valley in Tuscany. [Count M.]
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On the Distribution of the Inzersdorf or Congerian Strata in the

Austrian Empire. By Fr. Ritter von Hauer.

[Imp. Geol. Instit. Vienna, Jahrbuch, xi. (1860) p. 1, &c.]

Highly interesting results have been obtained by the recent investi-

gation of tbe freshwater deposits of South-eastern Europe, undertaken
by British officers, especially by Captain Spratt, chiefly during the
Crimean war. Captain Spratt had previously given notices of the
freshwater deposits near Smyrna, and in the Isles of Samos and
Euboea*, followed by his papers "on the geology of Varna and the
neighbouring parts of Bulgaria," " on the freshwater deposits of

Euboea, the coast of Greece, and Saloniki," " on the geology of the

North-east part of the Dobrutcha," and " on the freshwater deposits

of the Levantf."
In 1858 also Mr. W. H. Baily described a series of organic re-

mains brought from the Crimea by Captain C. F. Cockburn, R.A.,

with a note by the latter " on the geology of the neighbourhood of

Sevastopol," &c.J
The facts stated in these memoirs, and derived either by the ob-

servations of the authors themselves, or on trustworthy authority, are

unanimous in proving the existence of freshwater deposits, of the late

Tortiary period, throughout S.E. Europe, on tho islands and the

coasts of the Grecian Archipelago, along the coasts of Thrace and
Macedonia, on the Western coasts of the Black Sea, and in the

Crimea, and likewise on the opposite coast of Asia Minor. These
deposits are considered by Capt. Spratt to indicate the existence of

an enormous freshwater lake, or of a series of freshwater basins,

during a period immediately preceding the present state of things, so

that at that time inland fresh waters filled up the hollows at present

for the most part occupied by the salt water of the ^Egean, the Sea
of Marmora, and the Black Sea.

Capt. Spratt had enounced these views (although somewhat modi-

fied by the then existing incertitude as to the age of these isolated

* Quart. Journ. Geol. Soc. vol. i. p. 156, and vol. iii. p. 65 & p. 67.

+ Ibid. vol. xiii. p. 72 & p. 177, and vol. xiv. p. 203 & p. 212.

I
Ibid. vol. xiv. p. 133 & p. 161. This memoir has been followed by another

paper by Mr. Baily, descriptive of Crimean Fossils, in the Journ. Roy. Dublin
Sop. for January and April 1850, p. 233, &<\. with 3 plates.
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Tertiaries) some years ago ; but Vicomte d'Arehiac* doubted the

deposits in question to be really of Eocene age, as the late Prof. E.

Forbes had believed them to be on account of some of their organic

remains. Capt. Spratt himself subsequently regarded the freshwater

deposits described by him to be probably of Miocene date ; neverthe-

less his own investigations and those of other geologists indicate

them to possess an extraordinary range of diffusion.

In a paperf " On the Freshwater deposits of Bessarabia, Moldavia,

Wallachia, and Bulgaria," by Capt. Spratt, read before the Geological

Society of London on January 4th, 1860, the author mentions the

existence of freshwater deposits on the banks of the Yalpuk Lake in

South Bessarabia, containing organic remains similar to those from

other localities of the sediments of the great Middle Tertiary fresh-

water lake. Among them are freshwater species of Cardium, occur-

ring also (togetherwithDreissena polymorpha) in the freshwater strata

of the Dardanelles and elsewhere. After some search, Capt. Spratt

found similar forms living in the Yalpuk Lake, and was thereby

confirmed in his conviction of the above-mentioned tertiary basin

having really been occupied by fresh water. He supposes a bar (the

Isaktcha hills, now broken through by the Danube) to have separated

the level of the Black Sea from that of the lake then existing in

Bessarabia and the Danubian provinces. The conditions of the

enormous freshwater plains in Eastern Europe and in Asia Minor may
have been disturbed, he thinks, by volcanic eruptions estabhshing a

communication between the Black Sea and the Mediterranean, alter-

ing the level of these regions, and probably in connexion with the

'formation of enormous gravel deposits along the foot of the Car-

pathian chain.

It has appeared desirable that the Geologists of the Vienna Imp.
Institute should collect the facts recently obtained with respect to the

occurrence of freshwater strata in Hungary and Transylvania, and
bring them in connexion with those observed by Capt. Spratt. This

subject becomes still more interesting when considered in relation with

the Caspian Sea and the Aral Lake. These two enormous lakes, with

water very poor in salt, may indeed afford some idea of the freshwater

basins of S.E. Europe, as supposed by Capt. Spratt to have existed

during the Middle Tertiary period. According to the statements of

MM. Walmer, Gobel, Pose, Abich, and others, in the water in the

north portion of the Caspian Sea, where the rivers Ural and Volga fall

into it, there is not above 016 to 0-6 per cent., and in the other por-

tions not above 1*2 to 1*4 per cent, of salt ; while Pisani has found a

per-centage of 1*6 to 1*7 in the water of the Bosphorus near Bujuk-
dere; and Erman has recently stated the per-centage of salt in the

Mediterranean to be 3*72 in the harbour of Marseilles, 3-79 between

Port Vendre and Barcelona, 3*81 between Barcelona and Valencia,

* Hist. Progres Geol. ii. p. 907.

t For the printed abstract of this and the other papers read before the Geolo-

gical Society, the author and his colleagues are indebted to the Officers of the

Society, who forward them promptly and regularly to Count Marschall.
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383 near Carthagena, and 3-77 near Malaga,—these numbers repre-

senting an average proportion of 3" 78.

The Molluscan fauna of the Caspian Sea is remarkable for its ex-
treme scarcity of genera and species, and for the predominance of

peculiar forms of Cardium (the types of the subgenera Adacna, Mono-
dacna, and Didacna in Prof. Eichwald's ' Fauna Caspio-Caucasica'),

as also by its characteristic forms of Dreissena and Mytilus. Pallas

long ago pointed out the far greater extent of the Caspian in ancient

times, and its former connexion with the Aral and the Black Sea
;

and his views have been fully corroborated by subsequent observers,

especially by Sir R. I. Murchison, Count von Keyserling, and M. de
Verneuil, in 4 Russia and the Ural Mountains*

'

If we take into consideration the Tertiaries of the plains of the

Danube and its affluents, as far as they fall within the limits of

the Austrian Empire, beginning with the most thoroughly known
among them (namely, those of the Vienna basin), an impartial ob-

server will scarcely have any doubt as to the analogy of the fauna

preserved in our Inzersdorf or Congerian plastic clay (" Tegel ") with
the recent Aralo-Caspian fauna. The deposits just mentioned are

very poor in species, but contain very numerous individuals of Con-
geriaz (Dreissence), together with plenty of Cardia (some of them
scarcely distinct from Prof. Eichwald's species) saxdPaludiniv, ofwhich
one has been identified by M. FrauenfeId * with the recent Paludina
pusilla, Eichw. Nevertheless the fauna of the Inzersdorf strata is

distinct from that of the Aralo-Caspian beds by the presence of

Melanopsis and other species, connecting them with the other Mio-
cene deposits of Europe.

Prof. Edw. Suess was the first who succeeded in fixing the true

position of these Inzersdorf Clays, in relation to the rest of the de-

posits filling up the Vienna basin. This distinguished palaeonto-

logist has proved them to be of newer date than the whole of the

marine strata, and to have been deposited above them, in the lowest

localities of the basin, at a period when the level of the ancient

Miocene sea had already notably decreased, and the per-centage of salt

in its water had nearly fallen down to zero by the influx of fresh

water. This observation is quite concordant with the fact sig-

nalized by the celebrated authors of the above-mentioned work on

Russia,—of the Aralo-Caspian freshwater deposits resting on marino
Miocene beds ; while Capt. Spratt expressly asserts that his fresh-

water strata rest immediately on Eocene deposits.

The extensive range of the Inzersdorf Clays within the Vienna
basin, their occurrence in its lowest portions, the appearance of their

organic remains at very many isolated localities (as proved by local

occurrences of the characteristic Melanopsis Martiniana, enumerated
in Dr. Homes's 'Tertiary Mollusca of the Vienna basin'), leave

no doubt of their having been deposited within this basin in an
extensive and continuous lake, the diameter of which from S.S.E.

to N.N.W. (from Oedenburg in Western Hungary, to Gaya in Mo-
ravia) has a length of 20 Austrian (about 90 English) miles. The

* Hiirno^. Die fossilen Mollusken cles Tertiarbecken von Wien, i. p. 587.

D 2
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extent of this lake may have been still greater from east to west, as

indicated by the occurrence of Inzersdorf fossils in the Hungarian
basin, of which (as the late P. Partsch first proved) the Vienna
basin was only a bay. Most probably the waters of both basins

were still connected while the deposition of the Inzersdorf strata was
going on ; at least, these are well developed and very fossihferous at

certain places within the strait between the Leitha and the Rosalia

mountain-regions,—that is, in the triangular space between Neu-
stadt, Eisenstadt, and Oedenburg.

Turning from Oedenburg southward to the plain along the margin

of the mountain-range, the strata in question are again met with

near Schlaning and Rothen-Thurm, S.W of GKins (W. Hungary),

where M. Romer* has noted the occurrence of Conc/erice. They dis-

appear, however, within the Styrian bay ; at least MM. Andrae and
Rolle, who have lately most carefully investigated these regions as

the Geologists of the Styrian Geologico-mining Society, could nowhere
find the organic remains peculiar to the Congerian beds.

M. Andrae, describing the portion of this bay west of the parallel

of Gratz f. mentions the occurrence of sandstones, shales, and clays,

partially charged with seams of brown-coal and impressions of leaves

(and, on this account, probably of freshwater origin), but containing

no fossils characteristic of our Congerian strata. He mentions like-

wise, as occurring about Grafendorf, Gleisdorf, and E. of Hartberg,

limestones with a Cerithian fauna, analogous to the fauna of the

strata immediately beneath the Inzersdorf Clays within the Vienna
basin ; but he gives no indication of any connexion between these

limestones (erroneously called by him " Leitha-limestones") and the

strata with brown-coal.

The small freshwater basin of Rein, N.W. of Gratz, has been in-

vestigated by Prof. Ungeri and M. Morlot§, and lately by MM.
Peters and Gobanz || . Of 20 Gasteropods (chiefly of the genera Helix,

Planorbis, Limncms, &c.) determined by M. Gobanz, 16 likewise

occur in the freshwater deposits of JST.W. Bohemia and in the fresh-

water limestones of Wirtemberg. None of the characteristic species

of our " Inzersdorf Tegel" are among them
;
only the Planorbis

pseudo-ammonicus, Voltz, far spread through all freshwater lime-

stones, is common to both these deposits, although of extremely rare

occurrence in the " Inzersdorf Tegel."

South of Gratz, Dr. Rolle"f[ has found a not quite continuous bar of

ancient rocks (the Plawutsch and Sausal ranges) dividing the Ter-

tiary bay of Gratz into two sections, having very different fades.

The lignitiferous deposits of the Koflach and Voitsberg bay, and the

freshwater deposits with glance-coal of Eibiswald, Steiereg, Wies,

* Verhandl. Vereins Naturk. Presburg, iii. 2nd abstract of Meetings, p. 10.

+ Jahrbuch K. K. geolog. Reichsanstalt, v. p. 529.

| " Gratz, ein naturhistorisches, &c. Gremalde diesers Stadt," p. 79.

§ " Erlauterungen zur 8. Section d. General-Q.uartiermeisterstabs-Specia]-

karte v. Steiermark u. Illyrien," p. 35.

||
Sitzungsbericht. Akad. Wissensch. xiii. p. 180.

*f[ Jahrbuch geol. Reichsanst. vii. p. 535.
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&c, on the western side of this barrier, are paralleled by Dr. llolle

with the basin of Rein ; and so also may be the Egnitiferous fresh-

water strata of Liescha, near Privali (Carinthia), containing, accord-

ing to M. Lipoid*, the same Gasteropodous species. Congeria;,

Melanopsides, and other characteristic Inzersdorf forms have not
been found to occur in any of the localities just mentioned ; and the

relations of these deposits with respect to the Cerithian strata, con-

spicuously developed on the eastern side of the above-mentioned bar,

on the left banks of the Mur, are still to be ascertained.

If the deposits just mentioned have nothing of the paheonto-

logical type of the Congerian strata, it must appear the more sur-

prising to meet this type in the secluded and far more elevated

lignitiferous basin of Fohnsdorf, the first exact description of which
is clue to M. Ivudernatschf. This geologist noticed the presence of

Congeria and Paludina among the innumerable shells filling a bed
immediately overlying the lignite ; and Dr. Homes recognized one

of the species to be Congeria triangularis.

The eastern portion of the Styrian tertiary region (Furstenfeld,

Feldbach, Gleichenberg, Kloch, and the area comprised between
Padkersburg, Pettau, Marburg, and Mureck), as far as it has been
surveyed by Dr. Andrae j, is chiefly occupied by Cerithian strata, to

the exclusion of freshwater deposits of less ancient origin. Recent
observations from the immediately neighbouring portion of S.W.
Hungary have not come to my notice. On the banks of the Balaton

lake, near Tihany, our fauna appears again in full development. It

was the organic remains of this place (known under the vulgar name
of " Goats' hoofs ") that first induced the late M. Partsch to under-

take a scientific review of the genus Congeria. Prof. Zepharovich §,

who gave a detailed description of the peninsula of Tihany, found

there Congeria triangularis associated with Cardium plicatum,

Eichw., Melanopsis Dafouri, Fer., and Paludina Sadleriana, Partsch;

and above them a bed with Melanopsis Bouei, M. pygmcea, Partsch

(M. buccinoidea, Auct.), Planorbis, &c.

Further southward the presence of the Inzersdorf strata is at

least indicated by the presence of Melanopsis Martiniana in the

Draun Valley (according to M. Sinnetinger |j), and by the Cong* rio

and Melanopsides (although rather incongruously assoriated with

genuine marine forms) enumerated in M. de Yukotinovic's " Cata-

logue of the organic remains from the mountains near Agram in

Croatia He also describes a limestone with Melanice and other

freshwater shells as occurring in theMostavinaMountains**(Croatia),

leaving it in doubt, however, whether this is of merely local occur-

rence, or really belonging to the great freshwater lake of the Con-

gerian Period.

In the south portion of the Hungarian basin, the environs of

* Jahrbuch geol. Reichsanst. vii. p. 17<>. t Haul inker's Horichto. i. p. S."{.

} Jahrb. gcol. Reichs. vi. p. -<">">. § Sitzmiysb. Akad. Wisscnscli. xix. p. liSil

||
Achtor RtTicIit drs m'o^nosl.-inoiilan. Yrivini's fiir Stoicrmark. p. IS.

. ] SitziuiRsber. Akad. Wi.-s. xxxviii. p. o\'.\.

** Jahrb. geoL Rcichsaust. iii. p.'.
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Fiinfkirchen deserve special notice. From Arpad, south of this

place, and from Hidas, on the N.E., Prof. M. Majer has sent to the

Imp. Museum of Vienna very remarkahle Gongerice, of rhomboidal

shape (Congeria rhomboiclea, Homes), and large Cardia, with wide

gaping shells. The geological survey of this district may probably

lead to the discovery of the Congerian strata at other localities,

especially as M. Vicquesnel* has noticed the occurrence of Gongerice,

together with Planorhes and Paludince, in the region of the upper

sources of the River Morava in the basin of Pristina at the northern

foot of the Schardagh (Turkish Servia). This basin, however, was
as little connected immediately with the Congerian sea of Hungary
as were those of Fohnsdorf and of Thurocz (the latter to be men-
tioned presently) ; but the range of its fauna (isolated in higher

horizons) nevertheless extended over these lakes.

Another occurrence of the Inzersdorf fauna on the eastern margin

of the Hungarian basin is authenticated beyond doubt. Dreissena

Brandii, found by M. Kudernatschf near Kakowa, E. of "Wersehetz,

on the banks of the Karatsch, belongs probably to it. I myself J
found near Tataros, E. of Grosswardein, numerous individuals of

Melanopsis Martiniana, M. Bouei, and Cardium sp. Long pre-

viously Dr. Boue§ had observed fossil Paludince and other fresh-

water forms near Tirod, on the road from Grosswardein to Klausen-

burg, and had noticed farther eastward, near Korviczel, at the

western foot of the Kiraly-Hago, the presence of marls with Palu-

dina, Planorbis, Cyclas, Cyrena, &c, resting on marine strata con-

taining Pectimculus and Natica.

The most important discovery respecting the subject in question

has been brought to light by three borings (still in progress) on the

Hungarian plain in the environs of Arad, of which M. Er. Path,

superintending these operations, has addressed an account to Director

Haidinger|[. The easternmost boring, situated within the advanced

hills, 3000 feet west of the village of Zabales (in the Circle of Lugos),

has been sunk through the following strata:—1. Humus, 6 feet;

2. Yellow and micaceous clay, 9 ft. ; 3. Soft, fine-grained, mica-

ceous sandstone, 2\ ft. ; 4. The same, somewhat solid, 1ft. ; 5. Sand-

stone, as under 3, 2 ft. ; 6. Sandstone, as under 4, 1 ft. ; 7. Soft,

yellowish, micaceous sandstone, 30|ft. ; 8. A similar sandstone,

with Cardium sp. and Melanopsis pygmcea, Partsch, 12 ft. ; 9. Blue

clay, with Unio, Cardium, Congeria triangularis, Melanopsis Mar-
tiniana, M. pygmcva, 32 ft. ; 10. Greyish-blue clay, without discern-

ible organic remains, 32 ft. ; 11. Yellow argillaceous sand, 63 ft. ; 12.

Yellowish-grey loose sand, 12 ft. ; 13. Bluish-grey, argillaceous,

very fine sand (somewhat compact), 18 ft. ; 14. Very fine, yellowish,

loose sand, 9 ft. ; - 15. Sandy clay, not yet sunk through, 53 ft.

—

Total . . 283 ft.

As far as may be judged from the specimens sent, the two other

borings, lying farther westward, and wholly in the plain, have not

* Mem. Soc. Greol. France, v. p. 35. f Haidinger's Berichte, iv. p. 463.

| Jahrb. geolog. Reiclis. iii. p. 24. § Mem. Soc. Geol. France, i. p. 303.

||
Jahrb. geolog. Eeichs. x., Verhandlungen, p. 109.
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yet made their way through the Diluvium ; at all events they have
not yet come down to the Congerian strata. To complete the ac-

count, and for comparison, I will give here the list of the strata

hitherto worked through by them :-

—

Alios, S.E. of Arad ; the boring 12,000 ft. south of the place :

—

I. Humus, 5 ft. ; 2. Clay, 7 ft. ; 3. Clay, yellow and sandy, 24 ft.

;

4. Clay, yellow and sandy, 63 ft. ; 5. Sand, rather coarse, somewhat
coherent, 52 ft. ; 6. Clay, 80 ft. ; 7. Sand, fine, somewhat coherent,

107 ft. ; 8. Clay, 10 ft. ; 9. Sandy clay, 12 ft. ; 10. Sandy clay, 13 ft.

;

II. Fine clay, 73 ft.; 12. Sand, 63 ft.—Total . . 447 ft.

W. of Arad ; 6000 ft. east of Pecsa :—1. Humus, lift.; 2. Frag-
ments and sand (with remains of pottery), l|-ft. ; 3. Loose sand,

with rolled pebbles, 72 ft.; 4. Clay, 63ft.; 5. Like 3,12ft.;
6. Clay, with isolated rolled pebbles, 69 ft.—Total . . 219 ft.

The geological maps of older date have no indication of Miocene
deposits on the northern termination of the Hungarian plain, at the

foot of the Yihorlef and of the Epesies-Tokay mountain-group.

When, in the last year, Baron Eichthofen and myself surveyed this

region, we found thick and extensive Miocene strata surrounding

the foot of the mountains ; but among them no Inzersdorf strata

occurred. The marine strata found by us * either contain Ostrece

(as near Tinta), or the characteristic Cerithian forms (Zsujta). The
freshwater deposits of small isolated basins have vegetable remains

;

but Congerice and Melanopsides were not found at any of these

localities.

Dr. Hochstetterf found the " Tegel" of Edeleny, alternating with

lignitic beds (farther westward near Miskolcz), to contain Helices

and vegetable remains, and to rest on solid grey " Tegel" with Ce-

rithian fossils. The same able observer found at Haugaez (E. of

Edeleny) strata with Paludina concinna, Sow., and P. Snellen,

Partsch. M. Jurenak has sent to the Imperial Geological Institute

specimens of Congeria triangularis, found at Melyarsk near Arenyos,

and at Nagy-Erenye near Diosgybr, in searching for brown-coal.

MM. Wolf and Stur's explorations have shown that the marine

Tertiaries reach far down south-westward in the Western Comitates

(Neograd, Honth, Bars, Netitra. and Pressburg). Congerian strata

reoccur only near the Danube, towards the present line of lowest

level in the Hungarian basin. We must not, however, neglect to

mention, that Congeria}, Paluditue, and Melania1 have been found by
MM. Foetterle and Stur in the isolated freshwater basins of A ma
and Thurocz (N. Hungary).

Congerian strata occur more frequently in the middle than at the

margin of the Hungarian basin. In the best-known instances they

lie between the Lake Neusiedel and Pesth. They continue from

Eisenstadt and Oedenburg, on the west bank of this lake, through

the localities noticed by MM. RomerJ and Wolf near Esztcrlmz, at

the south-eastern end of the Lake Borczhaza (W. of Raah), Szend

* Jalirb. aco\. Ri-ichsimst. x. |). l.">4, Ac. 1' Ibid. vii. p>699.

J Verhandl. Verein, Naturt Pressburg, iii., 2. Versammlunga-Bericht, p. 16.

4
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and Gics (S.E. of Raab), to Kamorn ; and they are known to exist on

the north-west of Buda, near Totis, Komlod, Al-Czuth, and Tinnye.

The localities on the left bank of the Danube are Toth-Gybrk
(E. of Waitzou), where Prof. Szabo* found a Congerian stratum

resting immediately on Cerithian limestone, and the places where
this geologist has marked the occurrence of Congerian " Tegel" on
his Geological Map of Pesth, Bude, and the environsf . Such places

are—E. of Csepel, on both sides of the left arm of the Danube, here

and there near Sfarvas (S.E. of Pesth), in the brick-fields, and near

Czinkota (E. of Pesth).

Central Transylvania is known to be completely occupied with
Tertiaries immediately connected along the Szamos with those of the

Hungarian basin. It has not yet, however, been ascertained whether
this connexion existed when the Congerian " Tegel" was deposited.

One place, in the main gallery of the Kapnik mines, whence Baron
BichthofenJ obtained specimens of Oongeria triangularis, through

M. Szakmary, is hitherto the only known instance of this genus

occurring in North Transylvania.

The Congerian strata are far spread throughout the southern

portion of this province ; and their frequent occurrence there prove

that a great portion of the Transylvanian Tertiaries were deposited

in an inland lake. I saw Congerice and Cardia among the speci-

mens from Omlass, near Reisniarkt, preserved in the museum of the

Transylvanian Society of Natural Sciences at Hermannstadt. Unio,

Cardium, Planorbis, Lymnceus, &c. are mentioned in M. Ackner's§

Catalogue of the Haunnersdorf fossils. Congerice, Melanopsides, and
Paludince, resembling those of Arapatak, were found between Hettau
and Michelsberg, S. of Hermannstadt. M. Ackner also collected

Oongeria spatliulata, Melanopsis Martiniana, M. Dufouri (M. im-
pressa, Kraus, and M. Aquensis, Grat.), M.Bouei, and several Palu-
dince near Girstau, Szakadat, and Thalheim, places known for their

rich Miocene flora. I myself obtained, through M. Nagy-Elausen-

thal||, a specimen of Congeria triangularis from Gait (S.E. of Peps),

and some Cardia (probably from the same fauna) from Bodendorf

(N.W. of Reps). The isolated basin of the " Barzeuland " includes

a long-known locality from which M. JSagy-Klausenthal^f procured

for me Congeria triangularis, together with several probably coeval

forms of Cardium from Bodendorf, 1ST.W. of Reps. This basin in-

cludes the well-known locality of Arapatak, N. of Kronstadt, where,

in the summer of 1859, I collected Congeria triangularis, Cardium,

and a great number of Paludince, stated by M. Frauenfeld to be

Paludina Sadleriana, Partsch, P. semicarinata, Brard, and P. Des-

hayesiana, Math.

* Jahi-b. geol. Reichsanst. x. Verhandl. p. 190.

f Amtl. Bericht der 2. Versammlung deutsch. Naturforscher u. Aerzte in

Wien, p. 122.

J Jahrb. geol. Reichsanst. x. p. 457.

§ Verhandl. Kais. Leop.-Carol. Akad. xxiv. 2. p. 914 ; and Verhandl. Sieben-

biirg. Vereines fur Naturwissensch. iii. p. 6.

||
Jahrb. geol. Reichsanst. x. Verhandl. p. 190.

1 Ibid. x. Verhandl. p. 190.
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M. Kerbich* discovered in a northern lateral bay of this basin,

near Baroth, Vargyas, and Bazon, a bed of trachytic tuff, including

Congerice, Neritince, Paludince, and Planorbes, with plenty of vege-
table remains.

The facts here quoted agree in proving the diffusion of a fauna
similar to the Aralo-Caspian through a series of strata, of a less

ancient date than the marine Miocenes in the Vienna basin, over a
great portion of this basin, and the whole Danubian depression of

Hungary, stretching northward into the Carpathian valleys, and
southward as far as the northern foot of the Balkan. The absence of

these deposits in the neighbouring regions is a fact no less striking.

The strata in question in the Danubian valley do not ascend farther

than Vienna
; they are not known to exist in the upper Tertiary

basin of Austria, nor around St. Palten ; nor in the plain of Tulln :

they seem even, according to the facts at present known, to be
wanting within that portion of the Vienna basin which is NVW. of

a line running along the Bisamberg, the mountains of Nikolsburg,

and the Marsgebirgf. The Galician plain, north of the Carpathians,

the south-western slope of the Carnian, Julian, and Dinarian Alps,

and the plain of the Po have not hitherto afforded the least trace of

them. Consequently the western limit of this fauna may be con-

sidered as recognizable with a certain degree of certitude.

The localities in Bessarabia and in the Dobrudscha, mentioned by
Capt. Spratt, are indicative of an eastward connexion with the

Caspian Sea through the Crimea. The question—whether the more
southerly freshwater regions on the banks of the Sea of Marmora
and around the iEgean Sea, described by Capt. Spratt, were imme-
diately connected with those here described, or whether, on this side,

the mountain-chain of the Balkan and that of the Southern Crimea
(the continuity of which Capt. Spratt has ascertained by soundings in

the Black Sea J) have acted as a separating barrier,—must remain
undecided until the organic remains collected by Capt. Spratt have
undergone a stricter determination and an exact comparison with
those of the eastern Steppe-limestone and of our northern " Inzers-

dorf Tegel."

Prof. Suess's investigations have been important in confirming the

hitherto somewhat hypothetically asserted difference of age in the

Vienna tertiaries, and in proving the deposition of the most recent

among them (the Congerian or Inzersdorf Tegel) to have taken place

in a freshwater lake. Tho facts here collected may show (in my
opinion) that similar waters tilled up the whole Danubian depres-

sion subsequently to the marine Miocene period, communicating
with coexistent lakes in the Dobrudscha, the Crimea, the borders of

the Caspian Sea and of the Aral Lake, and in Asia, as far as the

* Baron Hingenau's " Oesterreiehische Zeitschrift fur livvix- u. Huttenwesen,"
1859, p. 155.

t Suess, " Ueber die Wohnsitze der Brachiopoden," in the Sitzongsber. Akad.
Wissrnsch. xxx. p. I (51.

J
Quart. Journ. Geol. Soc. xiii. p. 80.
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Aralo-Caspian strata extend, so as to make possible the migration of

certain species from one of these regions to another, since throughout

this enormously extensive area the conditions of Molluscan existence

(similar to those at present obtaining in the Caspian Sea and the

Aral Lake) offered but insignificant differences.

The salt water of the Mediterranean, connected with all the just

mentioned depressions when the more ancient Miocene strata were

deposited, was perfectly secluded from them during the Congerian

period. Subsequently it again advanced to the Gulf of Odessa and

the Afourian Sea, when it once more found its way along the depres-

sions made by the sinkings of the Balkano-Caucasian chain. Many
deposits containing marine forms of the present age prove the conti-

nent to have been depressed beneath its present level during the

Diluvial or older Alluvial periods. Future investigations may assist

in stating, whether this depression was sufficient to give access to

sea-water as far inland as the Hungarian plain (the loose sands of

which are considered by Baron Bichthofen* to be of marine origin)

and the Vienna basin, in the erratic diluvium of which remains of

marine shells have been discovered by Prof. Suessf

.

[Count M.]

Some /Sections of the Congerian and Cerithian Strata in Hungary
and Austria. By MM. Sttjr and H. Wolf.

[Proceed. Imp. Geol. Insfcit. Vienna, April 17 & April 24, I860.]

1. Between Modern and Bosing (Western Hungary, near the fron-

tier of Austria). [Stur.]—Tbese strata, arenaceous, with minute

particles of mica, are particularly developed at the church-yard of

Terlink and near the village of Zukersdorf. Dr. Kornhuber found

in them Oardium Vindobonense, Lam., Bonax Brocchii, Defr.,

Turritella bicarinata, Eichw., Lucina Columbella, Lam., L. divari-

cata, Lam., Area Biluvii, Lam., and Ostrea lamellosa, Brocc. ; this

last perforated by parasitic shells. A section of these strata, taken

on the steep banks of a rivulet, shows in descending order :—1. Loam
or Loess ; 2. Sand ; 3. Sandstone (3-4 inches) ; 4. Sand, abounding

with Molluscan remains (2-3 feet); 5. Calcareous, soft, porous

sandstone, with Molluscan fragments like those of No. 4 (1 ft.)

;

6. Greenish " tegel," or clay, imperfectly laid bare, with fragments

like those of No. 5.

Another section, 48-60 feet N.W. from the first one, and 3-4 feet

above it, showed in descending order :—1. Loess; 2. Coarse felspathic

sands, alternating with greenish clay (both assuming brown tints

in contact with the air) ; 3. Clay (scarcely 2 inches), with Congeria

subglobosa, Partsch, and Melanopsis Martiniana, Fer. ; 4. Sand

(4-5 inches) ; 5. Coarse soft sandstone, like No. 5 of the first section,

but certainly higher in relative position ; 6. Sands, like No. 4 of

the first section, with the same Mollusca. Nos. 4, 5, and 6 yielded

* Jahrb. geol. Keichsanst. x. p. 459. f Ibid. x. Verhandl. p. 100.
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Mactra Podolica, Eichw., Donaos lucida, Eichw., Cardium Vindo-
bonense, Lam., and a single badly-preserved specimen of Cerithium

pictvm, East.

It may be inferred from these sections, that in the locality in

question the yellow sands, sandstones, and calcareous porose sand-

stones, corresponding to the Cerithian strata of the Vienna basin,

are overlaid by strata of greenish clay and felspathic sandstones with

Congerice. The occurrences here described seem to be strictly local.

In the vicinity the yellow (probably Cerithian) sands are immediately

overlaid by diluvial detritus, so that the presence of Congerice may
be supposed to indicate the former existence of a local freshwater

current.

2. Near Sereth (Buhtowma). [Stur.]—A hill of grey sandstone,

in nearly horizontal layers, with intercalated marls, opened by
quarries, gave the following organic remains (more frequent in the

marls than in the sandstone itself) :

—

Murex sublavatus, Bast. (?),

Cerithium mitrale, Eichw. var., Rissoa inflata, Andrz., 11. angulata,

Eichw., Bulla, sp. (B. Pupa, Eichw. ?), Vermetus intortus, Lam.,

and Ervillia Podolica, Eichw., which, although but indifferently pre-

served, indicate a fauna corresponding to that of the Cerithian strata

in the Vienna basin.

3. Between Netzendorf and Sjpeising (about three English miles

W.S. W. of Vienna). [H.Wolf.]—The Wiener Berg, running south of

Vienna in an E.-W. direction, shows exclusively Congerian strata in

its central portion near Inzersdorf. In its westerly continuation

(hills of Meidling and in or near Schonbrunn) Cerithian strata,

dipping, at low angles and with various undulations, eastward

beneath the Congerian strata, make their appearance. A railroad-

section has laid bare Congerian strata, only a few feet thick, while

about 4200 feet eastward their thickness exceeds 70 feet. These

strata, dipping slightly eastward, with various undulations, are, in

descending order, as follows :

—

1. Boiled fragments of Vienna Sandstone (1-2 feet); 2. Undu-
lated seam of yellow sands (3 inches); 3. Blue plastic "tegel"

(2 feet) ; 4. Undulated yellow clay (4 inches) ; 5. Bluish-grey

sandy "tegel," with Cardium conjungens in its upper part, and with

Congeria Partschi, Cz., and large nodides of calcareous marls in-

eluding plant-remains, in its lower portion (5-0 feet) ; (5. Sand of

minutely triturated Shells, with an intercalated band of small frag-

ments of Vienna Sandstone (10 inches) ; 7. Sandstone, witb Congt ria

spathulata, Partsch; 8. Grey sands (1 foot) ; 9. Yellow sands, witb

triturated Shells (6 inches); 10. Grey sands (4 feet); 11. Gravel

of Vienna Sandstone, not yet sunk through. At two other places

this gravel is exposed to the thickness of above feet, overlaid by

nearly 1 foot of sands, in an undulated layer, dipping eastward.

North of the west end of Hetzendorf, the railroad lias cut

through 1 foot of soil, 1 inch of sandstone, and IS feet of " tegel,"

which has been penetrated by a pit as far as the Cerithian sandstone

immediately under it. The portion next to the sandstone WBB found

to contain Cardiwn Vindobonense, Partsch, MytilvA carinalus, Br.,
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and Tapes gregaria, Partsch, a characteristic form of the Cerithian

series. The stratum with Tapes gregaria (about 18 feet beneath

the surface) is undulated, and crops out at a distance of 480 to 600
feet westward. From this place the section increases in depth, and

the following strata are observed to come successively to day in a

distance of 1920 feet :

—

feet. in.

Sands 1

Gravel of Vienna Sandstone . . 6
Cerithian sandstone 8
Gravel of Vienna Sandstone. . . 2
Cerithian sands 8
Sandy clay 2
Cerithian sandstone 6
Cerithian calcareous marl ... 1 2
Calcareous clay, with white

calcareous stripes 5
Yellow sands with Cerithian

patches 1 4
Gravel of Vienna Sandstone. . . 6
Solid "tegel," with calcareous

nodules 1

Cerithian calcareous marl 8
Rolled pebbles of Vienna

Sandstone 8
Sandy clay with isolated pebbles 3
Pebbles of Vienna Sandstone,

considerably rolled, with

irregularly interspersed con-

cretions of Cerithian sand-

stone 2
Loose Cerithian sands 1

Minute gravel ofVienna Sand-

stone 10

Grey sands 6

Coarse pebbles 4
Cerithian sands 1 3
Greenish "tegel," with cal-

careous concretions 3 O
Marly calcareous layers 2
Rust-coloured sands 2
Conglomerates of pebbles of

Vienna Sandstone 3
[Here the strata crop out at

higher angles.]

Grey sands 5
Sandy clay, with rolled pebbles 8
Grey sands 2
Coarse gravel of Vienna Sand-

stone 1 6
Tough yellowish-brown clay... 2
Sands with gravel, passing-

downwards into sandstone 2 6
Tough calcareous clay, with

isolated calcareous stripes... 4
Conglomerates, with large

rolled fragments, some of

several cwts 6
Green argillaceous sands, with

isolated patches of gravel... 1 8
Tough yellow clay 2 6

55

A bluish argillaceous sand terminates the section. About 240

feet from it, a well has been sunk through the " tegel " to a depth of

18 feet, and about 12 feet beneath the yellow clay, concluding the

above-mentioned section. The " tegel " is interrupted by a single

narrow seam of sand, permeable to water. Operculina complanata,

some Bivalves (including a Modiola), and Turritella bicarinata have

occurred in this " tegel," which is analogous, as it seems, to that of

Poetzleinsdorf, 1ST.W. of Vienna. Wherever this " tegel " has been

sunk through to the depth of 30 to 42 feet, powerful springs of water,

issuing from the Cerithian sands immediately beneath it, have been

obtained. The altitudes above the level of the Adriatic are :

—

Congerian " tegel " at the end of the junction-rail- feet.

road near Hetzendorf . 666

f
at the Gloriette of Schonbrunn 759

Cerithian sandstone < lower limit, at the railroad-

y section 703

Poetzleinsdorf sands near Speising 678
[Count M.]
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On the Tertiary Eruptive Hocks of Hungary and Transylvania.
By Baron Bichtofen.

[Proceed. Imp. Geol. Instit. Vienna, April 24, I860.]

The eruptive region extending from Persia, over Asia Minor and
Hungary, to the Siebengebirge and the Eifel on the Bhine, is repre-

sented on the south slope of the Carpathians by seven distinct

groups, either concentrated into masses, or spreading in long ranges.

These groups are, 1st, the Schemnitz Mountains
; 2ndly, those of

Visegrad, broken through by the Danube between Gran and Waitzen
;

3rdly, the Matra
;
4thly, the Tokay-Epesies group

;
5thly, the Hun-

garian
;
6thly, the Transylvanian Vihorlet-Gatin (the second known

under the special name of Hargitta)
; and, 7thly, the metalliferous

mountains of Transylvania. The materials of all these mountains,
which, from their prevailing constituents, may be comprised under
the general designation of traehytic rocks, exhibit, as does the great

European-Asiatic range, in its totality, three distinctly limited

groups:—1. the Rhyolitic ; 2. the Traehytic; and 3. the Basaltic

group ; the last of them being, as it seems, exclusively represented

by Basalts ; the occurrence of Phonolitcs, Dolerites, and other ana-
logous rocks having not yet been duly ascertained.

The second group is by far the most prevalent, being nearly

exclusively represented by amphibolous oligoclastic varieties, vitreous

felspar (sanidine^ being onlyconspicuous in some subordinate eruptions

of more recent date. Silica is never abundant enough to appear in

independent secretions. There exists a double parallel series, of

greenstone-trachytes, on the one, and of grey trachytes on the other

side, both being compounds of amphibole and oligoclase, subordinately

including augite, whenever silica is diminishing. The greenstone-

trachytes are characterized by an abundance of metalliferous minerals,

by their easy decomposition, their peculiar outlines, and their geo-
logical age, being constantly of older age than the grey trachytes.

The same peculiarities have been observed in the trachytes of Asia
Minor and Mexico ; their real cause, however, still remains unknown.

The designation of " rhyolitic group " is proposed for the totality

of the most eminently siliciferous among the eruptive rocks of com-
paratively less remote date, being equivalent to the quartziferous

and non-quartziferous eruptive porphyries among the older por-

phyritic rocks. The excess of silica, generally secreted in the shape
of quartz-crystals, gradually diminishes, and at last completely
disappears. Beyond this limit the rhyolitic group continues through
a series of sanidine rocks, with accessory presence of oligoclase.

Although chemically and mincralogically the transition of rhyolite

into trachyte may become so imperceptible, that, in some cases,

hand-specimens may leave some doubt concerning their real nature,

both these groups, in the Hungarian mountains, are so distinctly

characterized, that any geologist observing them in situ cannot he
perplexed about them. Bendant applied to certain varieties the

designations of "traehytic porphyry," "perlite," and "millstone-
porphyry," which Al>ich comprised under the general category of
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" trachytic porphyry." Certain accidental modifications of structure

received the denomination of perlite, pumice, obsidian, &c, together

with a special place in the system. The geological facts within the

Hungarian mountains and our present knowledge of the phenomena
of solidification dissipate any doubt concerning the narrow relation

between these varieties, as already supposed by Beudant. The
general denomination of " trachytic porphyry " would imply some-
thing quite different from its real signification and be a source

of many errors. Rhyolite, as the denomination of a whole group,

would at least draw attention to a common character of all its sub-

divisions, all bearing traces of igneous fusion, and resembling either

glass or China-ware, or real lava-currents.

The series in geological age, beginning with the most ancient

group, is—greenstone, trachyte, rhyolites, and basalts. The first

two are everywhere in essential mutual connexion. Basalt is inde-

pendent of both, and appears in isolated groups, rarely encroaching

on their dominions. Trachyte has exclusively broken out to day in

masses following extensive and precisely determined fissures, and
towering into large mountain-ranges. Bhyolite, as it were a para-

sitical formation, occupies the flanks or the basis of the trachytic

groups or ranges, appearing but rarely and very subordinately in

massive eruptions. It is essentially a result of genuine volcanic

activity, an ancient lava, having flowed out of craters, or through
fissures in the walls of volcanos or in the slopes of trachytic ranges.

The basalt is equally eruptive and volcanic. The eruption of green-

stone-trachyte is a continental one. Subsequently to them the level

of the land was lowered, so that the grey trachytes were enveloped

at the very moment of their breaking out by layers of tuffs, partly

alternating with them.

These trachytic tuffs are of high importance in the tertiary erup-

tive formations of Hungary. The series of craters lying along the

foot of the trachytic mountains, which gave issue to the rhyolitic

current, began to be active only after the completion of the trachytic

eruption and the subsequent invasion of sea upon the dry land.

These eruptions bear over a large area well-defined marks of peri-

odical modifications in the nature and mode of formation of the

eruptive rocks, testifying to a gradual emergence of land and retreat

of sea during the rhyolitic period. It begins with submarine erup-

tions, and ends with a series of diminutive eruptions on dry land.

Another depression may have taken place previously to the eruption

of basalts, these being likewise connected with considerable deposits

of tuff.

The three groups of Tertiary eruptive rocks, as proposed here, are

not confined to the South Carpathian slopes. We find them again in

Central Germany, where the first two of them are almost wanting

;

in Asia Minor and on the Armenian plateau ; in the Euganeans, where
the trachytic group, as the most ancient, is followed by the perlites

of the rhyolitic group, and this, apart from the rest, by the basalts

of the Vicentin ; in Iceland, where the basic compounds have taken

the place of the rhyolites ; in New Zealand (according to Dr. Hoch-
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stetter's observations); in Mexico, where Von Humboldt has described

the phenomena just as they occur in Hungary
;
greenstone-trachytes

being the oldest rocks, followed by grey trachytes (andesite), and
then by rhyolites, with the usual circumstances of siliceous concre-

tions in shape of opals, &c. As with those of Hungary, the Mexican
greenstone-trachytes are the chief bearers of auriferous and argen-

tiferous ores.

[Count M.]

On a New Fossil Saurian from Cohen, Istria.

By Hermann von Meter.

[Proceed. Imp. Geol. Instit. Vienna, January 31, I860.]

A slab of stone from Comen, in the district of Goritzia, containing

some finely preserved remains of a Saurian, and belonging to the

City Museum of Trieste, has been examined by H. von Meyer, who
pronounces the Saurian of Comen to be a Lacertian, with concavo-
convex vertebra;, connected with Prof. Owen's genera Dolichosaurus,

Coniosaurus, and Raphiosaurus of the English Cretaceous deposits.

All the Lacertians of earlier periods, even those of the lithographic

stone, show no convexity on the posterior articular surface of their

vertebrae ; so that, not considering the development of the rest of

their structure, they would seem to bear an embryonal character.

The Comen Saurian is but of half the size of the above-named Eng-
lish genera, standing next to Dolichosaurus longicollis, to which it is

connected by its lengthened, narrow, and cylindrical shape (thus

recalling to mind the recent serpentiform genera Pseudopus, Bvpes,

and Ophiosaurus, with imperfectly developed extremities), and by
its probably long neck, consisting (as some circumstances seem to

indicate) of a great number of vertebi'ae. This last character is too

important to be confined to a single genus ; it may be supposed to

have been common to several other Cretaceous Lacertians with con-
cavo-convex vertebral articulations, although not j'et made evident

by preserved remains.

Prof. Owen infers, from two specimens found in the same locality

and at the same time, that his Dolichosaurus lonyicollis possessed

40 vertebrae between the neck and the pelvic region. The uncom-
monly well-preserved individual of Comen has only 27 vertebra)—

a

circumstance warranting the establishment of a new genus, for

which H. von Meyer proposes the name of Acteosaurus (from ukt>),

strand, the specimen having been foimd in the Istrian shore, and
its original having probably lived along the sea-coast), with the spe-r

oific denomination of Act. Tom mnsi nil , in honour of the Podestii of

Trieste, Cavaliere Tommasini, who gave it to the museum of that
city.

The anterior extremities of Acteosaurus, although fully developed,

are of a remarkably small size ; the length of the radius is to that

of the humerus as 5 to 7, to the femur as 1 to 2. Tin' proportion

of the tibia to the femur is 4 to 7. The carpal and tarsal bones an-
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completely ossified ; the rotula is perfectly recognizable under the

form of a small Avedge-like bone. Both pairs of extremities are

pentadactylous. The number of the anterior phalanges cannot be
exactly stated ; the number of the posterior phalanges (without the

metatarsal bones, but with the imperfectly developed ungular pha-
lanx) is represented by the following series : 2, 3, 4, 5, 3, beginning

with the hallux ; so that the fifth finger has one phalanx less than
those of the recent Lacertians and the analogous forms from the

lithographic stone.

The bones of the Comen specimens are changed into a substance

of metalloid aspect, like steel or oxydated manganese ; and the

matrix is uncommonly heavy : both deserve to be submitted to che-

mical analysis. The hollow stripes on the surface of the bones seem
to be indicative of the commencement of an imperfect crystallization.

[Count M.]

On some New Tertiary Fishes. By M. Steindacher.

[Proceed. Imp. Acad. Vienna, March 22, I860.]

M. Stelndacher has determined seven new species of fishes be-

longing to the Tertiary period. Five' of them (Gobius Viennensis,

G. clotus, G. oblongus, Glypea elongata, and CI. melettceformis) have

been found in the " Tegel " of Hernal (N".W. of Vienna) ; a sixth

(Phycis Suessi), of a genus of which hitherto no fossil representative

was known, comes from the " Tegel " of Inzersdorf (S. of Vienna) ;

the seventh is a Syngnathus from Badoboj (Croatia), remarkable for

being the first known fossil representative of a still existing genus

of Lophobranchians, all the individuals of this family hitherto found

fossilized belonging, without exception, to genera now extinct.

[Count M.]

On some Eruptive Phenomena seen in the Dachstein Mountains.

By Prof. E. Suess.

[Proceed. Imp. Acad. Vienna, April 12, I860.]

Eruptive phenomena have been observed by Prof. Suess in the

Dachstein mountain-group (Upper Austria), which is composed of

a great calcareous " massif," with steep cliffs all around, intersected

by a great number of faults. In these faults and on the elevated

portions of the " massif " are found agglomerations of rolled frag-

ments, originating from rocks of more ancient date, on which the

calcareous mass rests. Many of these fragments have a particularly

bright and polished surface ; some of them have penetrated into the

narrowest clefts of the limestone ; others have been broken by violent

compression, or have, as it were, forced their way into the sur-

rounding limestone. The rolled fragments of the tops belong exclu-

sively to the " Werfen Slate " or to the Greywacke. Among those

in the Koppenbruller cave, at the foot of the mountain-group, crystal-

line rocks prevail. These last must have undergone a still more

considerable upheaval than those on the top, which may have been

upheaved to an elevation of nearly 10,000 feet. [Count M.]
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On Meteorites. By Director W. Hatdinger.

[Proceed. Imp. Acad. Vienna,
1

'April 19, I860.]

Director Haidin'ger read a paper on the external form of meteoric
stones, prepared long ago for publication, and essentially connected
with a lecture on the same subject lately delivered by Prof. Kenngott
before the ' Scientific Society ' of Zurich (Oct. 31, 1859). The paper
was illustrated by drawings of two meteoric stones ; one from Stan-
nern (May 22, 1808), the other from Gross-Divina (July 24, 1837).
The shape of these two specimens and the nature of their crust are

such as to lead to inductions concerning the direction they may have
followed when rushing through the atmosphere. The bright crust

of the Stannern meteorite seems to show all over the effect of an
atmospheric current, which has formed along the whole outline of
the mass a roll-like pad, prominent backwards. The crust of the

Gross-Divina stone is rough on the hinder side, smooth on the front,

showing the well-known rounded impressions, which Dir. Haidinger
supposes to be the effects of fusion, undergone in a rare medium or

in a vacuum, protected from the influence of the atmosphere.

The author distinguished two well-defined and consecutive periods

between the formation of a meteorite and the moment at which it

touches the terrestrial surface. During the first, or cosmical, period,

the igneous globe is formed under the influence of resisting air, its

end being marked by an explosion, indicating a sudden intrusion of

atmospheric air into the imperfect vacuum existing within the slowly

moving igneous globe. During the second, or telluric, period, the

meteoric mass simply falls, exactly as any other body woidd, subject

to the law of gravitation.

Meteorites wholly covered with a crust must have reached the

circuit of terrestrial atmosphere as isolated individuals : they cannot

be supposed to be fragments of a mass whose explosion took place

at the moment when the igneous globe disappeared. The meteor of

Gross-Divina produced but one single mass ; while that of Stannern

may be said to have been followed by a rain of meteorites.

VOL. XVI. PART II. E
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Baron Reichenbach, in some papers published in Poggendorff's

' Annalen der Physik,' has defended the opinion that meteorites owe

their origin to an aggregation of minute globules or crystals ana-

logous to those which he supposes to exist in the tails of comets.

Haidinger and Kenngott, on the contrary, think these problematic

masses to be simply compounds of various mineral substances bear-

ing an indubitable analogy with the rocks constituting the solid

crust of the terrestrial globe. Baron Reichenbach quotes, in favour

of his theory, Mr. Brokedon's experiment with pulverized graphite,

which, having been freed by exhaustion from the air that adheres

to the surface of any powder, and submitted to moderate compres-

sion, was converted to a compact mass like native graphite ; but he

omitted to say that, the air having been removed, the experimenter

made repeated use on his graphite-powder of a compressing appa-

ratus having a force that may be estimated as high as 20,000 cwt.

Prof. Schrotter's ingenious experiments have proved that the action

of chemical affinity completely ceases under a temperature of 80° C.

below zero ; so that even substances whose chemical union under

normal atmospheric temperature is attended with most violent ex-

plosions may be safely brought into mutual contact. The tempera-

ture of the interplanetary space through which the igneous globes

make their way is probably not above — 100°C. (even — 140°C. ac-

cording to M. Pouillet) ; so that the fact stated by Schrotter is a

weighty objection against Baron Reichenbaeh's theory, at the same

time that it confirms the views of Haidinger and Kenngott.

[Count M.]

On the Red Sandstone and Cketaceotjs Strata of Central Bohemia.

By M. Lipold.

[Proceed. Imp. Geol. Instit. Vienna, January 31, I860.]

The Red Sandstone formation in the mountain-region of the Circle

of Prague is far less complicated than that of N.-E. Bohemia,

consisting only of sandstones and shales, the petrographic characters

of which, and especially their red tints, distinguish them from the

analogous strata of the Carboniferous formation which they overlie

everywhere in conformable stratification. The thickness of the red

sandstone is but insignificant in comparison with the Carboniferous

rocks. Its average dip is 10-20° 1ST.

The only known organic remains from this sandstone are a few

Fish-remains, and from these Prof. Reuss has inferred that the coal-

strata of the localities where those remains have been found are

subordinate to the red sandstone.

The Cretaceous group is only represented by its lowermost mem-
bers,—the " Quader-Sandstein " (Lower Quader), overlain by the

" Planer-Sandstein." The thickness of both does not exceed 60 feet.

The strata are horizontal, or with a slight northerly dip. Argillaceous

strata, £ to 5 feet thick, with isolated seams of coal, are frequently
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intercalated between the Planer and Quader, and also beneath the

second of these deposits.

The whole Cretaceous deposits are fossiliferous, though not richly

so. The only vegetable remains known to occur in them is Arau-
caria acutifolia, Corda, in one isolated Planer locality. The animal

forms of the Quader are Prococardia Hillana, Sow., Pinna decnssata,

Goldf., and Turrilites. Those of the Planer are Inoceramusmytiloides,

Hantell, In. Crispii, Mant., Ammonites peramplus, Sow., Am. Rotho-

magensis, Defr., Pecten, and Cardium. The Planer-Mergel on the

north-west slope of the basaltic hill of Slana offer quite a different

aspect, being characterized by the occurrence of teeth of Squalidce,

Bacidites, Ammonites (related to Am. varians and Am. inflatus, Sow.),

Nucula, Area, Pecten, and Gasteropoda.

The highest horizon of the Cretaceous deposits N.'W. of Prague is

1669 feet above the sea-level. These deposits may be supposed to

have originally occupied a continuous surface : at present they are

separated into long-extended ridges and isolated plateaux by valleys

of erosion and ravines, cutting through them and exposing to view
the underlying red sandstone and Carboniferous strata. [Count M.]

On some Lignite of Schonstein, Styria. By Dr. Eolle.

[Proceed. Imp. Acad. Vienna, February 3, I860.]

The geological and palaeontological characters of this small ligni-

tiferous basin are those of a secluded lacustrine deposit. The chief

materials which have undergone the process of lignitization are, ac-

cording to Prof. Unger's determination, stem-fragments of Pence

acerosa, frequent also in other lignitiferous beds of Styria. Two
others of the fossil species from Schonstein agree with those from the

Swiss Molasse ; whilst two others are undescribed, and not as yet

met with in any other locality.

The Molluscan remains seem to indicate a less remote geological

age than may be inferred from the consideration of the plant-remains

alone. Undescribed species oiBithynia, ILjdrobia, and VaJvata, not

known to occur in any other locality, are the prevailing forms. Some
few individuals of other species, still living and partly known in tho

post-tertiary period, may be obtained by washing the fossiliferous

marls. None of the Schonstein species arc found among tho now
well-explored molluscan fauna of the Vienna Basin.

From all this Dr. Bolle infers that the lignitiferous beds of Schon-
stein correspond to a certain group of strata, pala:ontologically ascer-

tainable only at very few localities, which have been considered

either uppermost tertiary or lowermost diluvial, and the most ancient

known type of which is represented by the ossiferous strata of the

Arno Valley in Tuscany. [Count M.]
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On the Coal-plants of Bohemia. By M. Stub.

[Proceed. Imp. Geol. Instit. Vienna, March 13, I860.]

The fossil plants from the Coal-basia of Bakonitz (Bohemia) present

53 species, and may be subdivided into four distinct local florse.

These species are distributed among 21 genera of 10 families.

Calamitece (Calamites) 3
Asterophyllitece (Asterophyllum, Annularia, Sphenophyllum) 6

Neuropteridece (Neuropteris, Nceggerathia, Schizopteris, Dic-

tyopteris) , 6
Sphenopteridem (Sphenopteris) 5

Pecopteridece (Asplenites, Pecopteris, Alethopteris, Cya-
theites) 13

Stigmariece (Stigmaria) 1

Sigillariece (Sigillaria) 4
Lepidodendreos (Lepidodendron, Knorria,Lepidostrobus,Car-

diocarpon) 12
Lycopodiacece (Cordaites) 2
Palmacece (Flabellaria) 1

The following species, Calamites communis, Annularia fertilis,

Noeggerathia foliosa (particularly frequent around Bakonitz), Ale-

thopteris pteroides, Cyatheites Miltoni, Stigmaria ficoides, Lepido-

dendron Haidingeri, and L. acideatum, as also the Sigillariece, occur

generally in considerable number as individuals.

Calamites communis, Annularia fertilis, Cyatheites oreopterides, C.

Miltoni, C. arborescens, Stigmariaficoides, Cordaites borassifolius, and
Flabellaria Stembergi occur both in the shales forming the roof of

the coal-bed and in those immediately beneath it, so that the flora of

both these shales may be considered as nearly identical ; and the

existence of two distinct Florae within the basin of Bakonitz may
indubitably be admitted : the one of Asterophylliteai, Neuropterideaz,

Sphenopteridem, and other genera of Felices and Lycopodiacece, con-

taining but a small portion of carbonaceous substances ; the other,

Sigillarim and Lepidodendra, which have chiefly contributed mate-

rials to the coal-bed. Two species (Knorria imbricata and Lepido-

dendron (Sagenaria) Veltheimianum), found in some few fragments

within the Bakonitz basin, are characteristic of the lowest strata of

the Carboniferous group.

The flora of this basin bears a striking general resemblance to that

of Badnitz (known long ago through Count C. Sternberg's splendid

publications), and to the flora of the coal of Zwickau (Saxony), lately

described and figured by Prof. Geinitz. Some few species, however,

occurring in the basin of Bakonitz, are wanting in the coal-measures

of Badnitz ; these are Sphenopteris rutafolia, Asplenites cristatus,

Alethopteris aquilina, Al.pteroides, Al. muricata, Cyatheites Miltoni,

Cy. unitus, Cy. dentatus, Sigillaria mammillaris, S. oculata, S. elon-

gata. [Contra M.]
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reptilian remains from, 61.

Drift and rolled gravel of the north
of Scotland, T. F. Jaraieson, Esq.,

on the, 347.

Drift-wood of Spitzbergen, 151, 432.

Dundry Hill, section of, 21.

Dura Den, the Rev. Dr. J. Anderson
on the Yellow Sandstone of, 136.

Durness, the tract of, 227.

Earthquakes in Venezuela. 469.

East Indies, tertiary deposits asso-

ciated willi trap-rock in the, 154.

Egerton, Sir P. G., paliohthyologio

note, No. 12, on the nomem'latuiv
of the Devonian fishes, by, 119.

Elephant remains in England and
Wa ea, 491.

Elgin, Mr. C. Moore on the repti.i-

lerous sandstones of, 445 ; Rev. W.
S. Symonds on the reptiliferoua

sandstones near, 45S.
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Equisetites coluninaris, A. cle Zigno
on the, 113.

Kcenigii, 113.

Eriboll and Hope, sections across

Lochs, 326.

Eriboll House, section of the quartz-

rock and gneissose beds above, 231.

Eruptive rocks of the north of Scot-

land, Sir R. I. Murchison on the,

215.

Estuarine deposits at Yarmouth, 450.

Etheridge, R., Esq., note on Dundrv
Hill by, 21.

Euphotide of Tuscany, 481.

Falconer, Dr. H, on the ossiferous

Grotta di Maccagnone near Pa-
lermo, 99 ; further observations on
the ossiferous caves near Palermo,
189 ; on the ossiferous caves of the

Peninsula of Grower in Glamorgan-
shire, South Wales, 487.

Eimbria-bed of Gloucestershire, 12.

Fishes, Sir P. G. Egerton on the no-

menclature of the Devonian, 119.

Fish-remains from Bahia, South Ame-
rica, Sir P. Egerton on some, 265.

Flint implements in bone-caves in Si-

cily, 104, 460 ; from the gravel near

Amiens, 190; of the Valley of the

Somme, lii.

Flora of the Oolite, Baron A. de Zigno
on the, 110.

Flora of the lower palaeozoic forma-
mations, Prof. H. R. Goeppert on
the, 279.

Flower, J. W., Esq., on a flint-imple-

ment recently discovered at St.

Acheul, near Amiens, 190.

Foraminifera, fossil, from NewZealand,

251 ; from South Australia, 261.

Foraminifera of the Mediterranean,

292.

Fossil and recent Foraminifera, 292.

Fossil CypridsB from Bahia, 266

;

from Nagpur, 186.

Foraminifera from Chellaston

near Derby, 452.

fishes of the Yellow Sandstone of

Dura Den, 136.

insects from Nagpur, 182.

reptilian eggs from the Great

Oolite of Cirencester, Prof. J. Buck-
man on some, 109.

reptilian remains from South
Africa, Prof. Owen on some, 49.

Fossil shells from the bone-cave of

Maccagnone, 106 ; the freshwater

strata of Central India, description

of, by the Rev. Stephen Hislop, 166.

Fossil vertebras from near Frome, So-

mersetshire, 492.

Fossils from Auckland, New Zealand,

251 ; near Bahia, in South America,

263 ; near Gosport, 448
;
Spitzber-

gen, 442 ; the coal of Nova Scotia,

268 ; the grey chalk near Guildford,

324.

Freshwater deposits of Bessarabia,

Moldavia, Wallachia, and Bulgaria,

Captain T. Spratt on the, 281.

Freshwater strata and fossils of Cen-
tral India, 154.

Frocester Hill, section of the Inferior

Oolite at, 9.

Frome, Somersetshire, Polyptychodon
from near, 263 ; small fossil ver-

tebras from, 492.

Fuller's earth, limited extension of

the, 72.

Fusus jpygmcBiis, 176.

Gabbro of Tuscany, 481.

Galesaurus planiceps, 58.

Gault at Culham, 309.

Geikie, A., Esq., on the Old Bed
Sandstone of the South of Scotland,

312.

Geological time, 1.

Geology of South Australia, Mr. Sel-

wyn on the, 252, 253; of Spits-

bergen, Mr. J. Lamont on the, 150

;

Vancouver Island, M. H. Bauer-

man on the, 198.

Gisborne, bone-cave in the tertiary ba-

salt near, 148.

Glacial origin of some Norwegian lakes,

Mr. T. Codrington on the, 345.

Glacier in Deeva Bay, Spitsbergen,

431 ; on the south-east coast of

Spitzbergen, 429.

Glastonbury Tor, section of, 34.

Glen Deny, 357.

Glenqueich, iron-ore at, 425.

Globigerina helicina, 305.

Gloucestershire and Yorkshire, the In-

ferior Oolite of, 1.

Glyptolasmus Einnairdii, 137.

Glyptolepis, 125.

Gneiss, fundamental, of the north of

Scotland, 215.

Gneissose rocks of Sutherland and
Boss, 237.

Godwin- Austen,R.,Esq., on some fossils

from the grey chalk near Guildford,

324 ; on the occurrence of a mass of

coal in the chalk of Kent, 326.

Goeppert, Prof. H. R., on the flora of

the Silurian, Devonian, and Lower
Carboniferous formations, 279.

Gold-bearing quartz-veins of Victoria,

145 ; rocks of Venezuela, 463 ; sand

of Siberia, 241 ; veins at Loch Earn,

425.
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Gold-drifts of Victoria, 150.

Gosport, Mr. J. Pilbrow on a well-sec-

tion near, 447.

Gower, in Glamorganshire, Dr. H.
Falconer on the ossiferous caves of
the Peninsula of, 487.

Grampians, Prof. R. Harkness on the

Old Ked Sandstone and metamor-
phic rocks of the, 312.

Granitone of Tuscany, 481.

Gravel, rolled, of Aberdeenshire, 347.

Gravels from Spitzbergen, Mr. J.

Prestwich on the, 438.

Great Oolite in the Valley of the

Cherwell, Professor J. Phillips on
the, 115 ; Mr. E. Hull on the zones

of the, 72 ; of Cirencester, Prof. J.

Buckman on fossil reptilian eggs

from the, 107.

Grey chalk near Guildford, 324.

Grey limestone of Yorkshire, fossils of

the, 29.

Gristhorpe Bay, Yorkshire, section

from the Cornbrash to the Millc-

pore-bed in, 25.

Grvphite-grit of Gloucestershire, 7,

39, 44.

Guildford, Mr. R. Godwin-Austen on
some fossils from the grey chalk
near, 324.

Gypsums and dolomites, Mr. T. S.

Hunt on the formation of, 152.

Gyroptychius angustus, 126.

diplopteroides, 126.

Harkness, Prof. R., on the association

of the lower members of the Old
Bed Sandstone and the metamorpliic
rocks on the southern margin of the

Grampians, 312 ; sections by, in the

North-western Highlands, 221, 223,

230, 235.

Heaphy, C., Esq., on the volcanic

country of Auckland, New Zealand,

242.

Hecla Cove, Spitzbergen, 444.

Hemitonia? multiradiata, 178.

H ippurite-rock of Jamaica, ."l'.">.

lloloptvchius Andcrsoni, 126, 136.

Flemingi. 126, 136.

princeps, 126.

Sedgwieki, 126.

llislop, Rev. S., description of fossil

shells from the freshwater strata of

Nagpur and neighbouring parts of

Central India, by, 166; on the

tertiary deposits associated with

trap-rock in the East Indies, 154.

HMopite, 166.

Homer, L., Esq., note to M. Lartct's

paper on fossil incised bones, 475 ;

on the roek-spcciinens from S[>itz-

bergen, collected by Capt. Parry

and Lieut. Foster, 442.

Hot springs of Venezuela, I.

Hull, E., Esq., on the south-easterly

attenuation of the lower secondary
formations of England, and the

probable depth of the coal-mea-

sures under Oxfordshire and North-
amptonshire, 63.

Hunt, T. S., Esq., o?i the formation

of gypsums and dolomites, 152.

Hunterite, 161.

Hydrobia Bradleyi, 178.

Carter i, 178.

Elliott , 178.

Hylonomits aciedentatus, 275.

Lyellii, 274.

IVymani, 276.

Hyoid apparatus of Oudcnodon, 56.

Ice Sound, Spitzbergen, 435, 436.

Igneous rocks of Sutherland, 2'!2

;

of Tyncfrum, 423, 427; of Van-
couver Island, 198.

Incised bones, fossil, M. Lartet on,

471.

India, freshwater strata and fossils of

Central, 154.

Inferior Oolite in Gloucestershire, at-

tenuation of the, 71.

of Gloucesterslrire and York-
shire, Dr. T. Wright on the, 1.

Insects, fossil, from India, 182.

Iron-ore of Glenqueieh, 425 ; in tha

Shireoak Colliery, 140.

Italy, fossil foraminifera of, 297.

Jamaica, Mr. L. Barrett on some cre-

taceous rocks in the south-eastern

portion of, 324.

Jamieson, T. F., Esq., on crag-strata

in Aberdeenshire, 492; on the drift

and rol ed gravel of the North of

Scotland, 347 ; on the occiuTence of
crag-strata beneath the boulder-clay

in Aberdeenshire, 371.

Jervifl, W. P., Esq., on some mioceno
rocks and minerals of Tuscany,
480.

Jones, T. Rupert, Esq., and W. K.
Parker, Esq., on some fossil fora-

minifera from Chellaston near
Derby, 452; on the foraminifera
from the Brvozoan limestone near

Mount Gambier, South Australia,

261 ; on the rhizopodal fauna of the

Mediterranean, compared with that

of the Italian and some other tertiary

deposits, 2U3.

Jones, T. Rupert, Esq., reply on re-

ceiving the balance of the proceeds

of the Wollaston-fund, xxvi ; on
some fossil Kntoinostracafrom Mont-
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serrate, South America, 266 ; on
fossil Cypridse from Nagpur, 186.

Jurassic flora, 110.

Jurensis-bed of the Upper Lias, 8, 10.

Kent, coal in the chalk of, 326.

Keuper and Bunter sandstones, un-
conformity of the, 77.

of Warwickshire, footsteps of

Cheirotherium in the, 278.

Killamarsh, section from the Shireoak

Colliery to, 142.

Kimmeridge Clay at Cidham, 310.

Kirkby, J. W., Esq., on the occurrence

of Lingula Credneri, Geinitz, in the

coal-measures of Durham, and on
the claim of the Permian rocks to

be entitled to be a system, 412.

Kirtlington, section of the strata at

the, 117.

Knorria, 281.

Kursk, Russia, Polyptychodon from,

262.

Lakes in Norway, Mr. Codrington on
some, 345.

Lammermuir Hills, Mr. Geikie on the,

320.

Lamont, James, Esq., notes about

Spitzbergen in 1859 by, 428 ; re-

marks on the geology of Spitzbergen

by, 150.

Lancaster, J., Esq., and C. C. Wright,

Esq., on the sinking at Shireoak

Colliery, Worksop, to the " Top
Hard Coal" or "Barnsley Coal,"

137.

Land and sea, distribution of, in the

secondary period, 65, 74.

Land-shell, fossil, from Nova Scotia,

270.

Languedoc, arrow-heads found with

Cervus megaceros in a cavern in,

491.

Lartet, Mons. E., on some arrow-

heads and other instruments found
with horns of Cervus megaceros in

a cavern in Languedoc, 491 ; on the

coexistence of man with certain

fossil bones, from various pleisto-

cene deposits, bearing incisions made
by sharp instruments, 471.

Lecldiampton Hill, section of the In-

ferior Oolite at, 6, 39.

Ledbury, Eev. W. S. Symonds on the

section at, 193.

Lepidotus, fossil, from Bahia, 266, 268.

Lesmahago, Mr. A. Geikie on the

geology of, 313.

Lias and Oolite, junction of the, north

of Oxford, 115.

Lias in Gloucester, sections of, 8,

10, 21 ; Yorkshire, section of the

Upper, 33 ; Lower, of the South of

England, 374; south-easterly thin-

ning-out of the, 70.

Library Committee, report of the, iv.

Life, distribution of, xlv ; succession

of, xlviii ; zones of, xxxviii.

Lignite of New Zealand, 197 ; Tus-
cany, 485 ; Vancouver Island, 199.

Lima-beds of the Lower Lias, 398.

Limncea attenuata, 172.

oviformis, 172.

spina, 172.

subulafa, 172.

TelanJchediensis, 172.

Lingula-bed at Blue Wick, 4.

Lingula Credneri in the coal-measures

of Durham, 412.

Linksfield, near Elgin, Mr. C. Moore
on the so-called Wealden-beds at,

445.

Lituola Soldanii, 307.

Llanos of Venezuela, 466 ; Loch Eri-

boll, section across, 229.

Loch More, section on the south bank

of, 226.

Lomatus Hislopi, 182.

London Clay at Great Yarmouth in

Norfolk, Mr. J. Prestwich on the

presence of the, 449.

Lower Keuper sandstone and red marl

in Cheshire, 67, 69; in East War-
wickshire, 69.

Lower Lias, attenuation of the, 70 ; of

the South of England, Dr. T. Wright
on the, 374,

Lower Old Bed Sandstone, Mr. Geikie

on the, 314.

Lower palaeozoic flora, 279.

Lower Permian beds of Central Eng-
land, 64.

period, distribution of land and
sea at the, '65.

Lower secondary rocks, Mr. E. Hull

on the south-easterly attenuation of

the, 67.

Low Island, Spitzbergen, 443.

Lucina (Kellia ?) nana, 179.

parva, 179.

Ludlow rock at Ledbury, 195.

Lycett, Dr. J., note on Trigonia com-
posita, 16 ;

Trigonia formosa, 41

;

note on Trigonia producta, 45.

Maccagnone near Palermo, Dr. H.
Falconer on the ossiferous Grotto

di, 99.

Malaga, fossil foraminifera from, 299

.

Malta, fossil foraminifera from, 296,

300.

Man, M. E. Lartet on the coexistence

of, with certain extinct animals.

471, 491.
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Mansfield, the Permian rocks and
Trj.as near, 75.

Marble Point, Spitzbergen, 443.

Marginulina hirsuta, 302.

Lituus, 303.

Marlstone of the Cotteswold Hills, 70.

Meal Uaine, drift on, 350 ; section

across the Tunimel Valley at, 361
;

section along the ridge of mica-slate

at, 364.

Mediterranean, Messrs. T. R. Jones

and W. K. Parker on the rhizopodal

fauna of the, 292.

Melania Hunteri, 166.

quadriiineata, 166.

tercbriformis, 266.

Meristos Hunteri, 184.

Metamorphic rocks of Vancouver
Island, 198.

Mica-schists of Breadalbane, 421.

Miliola Seminulum, 307.

Millepore-bed, fossils of the, 32.

Miller, Hugh, extracts of letters re-

ceived by Sir P. G. Egerton from,

129-136.

Minchin Hole, 488.

Mineral veins of Breadalbane, 422

;

of Venezuela, 463.

Miocene rocks and minerals of Tus-

cany, Mr. W. P. Jarvis on some, 480.

Moldavia, freshwater deposits of, 281.

Montserrate, South America, fossiis

from, 265.

Moore, C, Esq., on the so-ea 1 >ed Weal-
den-beds at Linksfield near Elgin,

and the reptiliferous sandstones of

Elgin, 445.

Morris, Prof. J., list of fossils from
near Gosport by, 448 ; on some fossil

shells from Montserrate, 266.

Mosquito Plains. 2.")."), L'57.
'

Mount Gambier, 252, 258 ; Schanck,

252, 258 ;
Wellington, New Zealand,

249.

Mud-volcanos of Turbaco, near Car-

thagena, 197.

Murchison, Sir R. I.. supplemental ob-

servations on the order of the ancient

stratified rocks of the north of Scot-

land, and their associated eruptive

rocks by, 215.

Murray, A., Esq., notes ou some fossil

insects from Nagpur by, 1 12.

Murray River, tertiary slr.it a near the,

252.' 253.

Muschclkalk, subaerial conditions du-

ring the formation of the, 76.

Museum Committee, report of the. ii.

Myriapod fossil from Nova Scotia.

'272.

Nagpur. Mr. A. Murray on some fossil

insects from, 182; Mr. S. Hislop on
the freshwater strata and fossils of.

154 ; Mr. T. Rupert Jones on fossil

Cyprida? from, 186.

Nanaimo River, strata and fossils of,

199.

Narbadda, freshwater fossils from, 181

.

Natica Sfoddardi, 176.

New Zean

and, coal in, 197 ; the vol-

canic phenomena of, 242.

Nodosaria hirsuta, 302.

longicauda, 302.

ovicula, 302.

Pyrula, 302.

Nodosarina, 453.

Nomenclature of the Devonian fishes,

Sir P. Egerton on the, 1 19.

Nonionina Scapha, 306.

sphseroides, 306.

Norfolk, London Clay in, 449.

Northamptonshire, the probable deptli

of the coal-measures under, 64.

North of Scotland, Sir R. I. Murchi-
son on the order of the ancient stra-

tified rocks of the, 215.

Norwegian lakes, Mr. T. Codrington

on the probably glacial origin of

some, 345.

Nova Scotia, Dr. J. W. Dawson on
some fossils from the coal of, 268.

Nubecularia lucifuga, 453, 455.

Tibia, 455.

Nucula pusilla, 179.

Nussdorf, fossil foraminifera from, 301.

Ofiocalce, 483.

Old Red Sandstone and the meta-

morphic rocks of the Grampians.

312.

Old Red Sandstone, fishes of the, 119.

of the South of Scotland, Mr. A.

Geikie on the, 312.

Oolite, attenuation of the, 71 ; Baron
A. de Zigno on the flora of the, 110;

Great, near Oxford, L16; of Ciren-

cester, fossil eggs from the, 107.

Oolithes Bullion ica, 108.

Ossiferous Grotta di Maccagnone, near

Palermo, the, 99.

Osteolepis arenatus, 124.

brevis, 124.

Ostrea Panc/adicusis, 178.

Oudenodon. hyoid apparatus of, 56.

Otnh uodun Buinii, 55.

Greyii, 50.

prognathic, 55.

Owen, Prof. R., on some remains of
To'yptychodon from Dorking. 2(>2;

mi some reptilian fossils from South
Africa. 49; on some small fossil ver-

tebra from near Frome. Somerset-
shire, K>2.
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Oxford, probable section under, 80;
Prof. J. Phillips on some sections of

the strata near, 115, 307.

Oxfordshire and Northamptonshire,

Mr. E. Hull on the probable depth
of the coal-measures under, 64.

Palaeozoic flora, 279 ;
period, land and

sea in the later, 74.

Palermo, fossil foraminifera from, 300

;

ossiferous cave near, 99.

Palichthyologic notes, No. 12, by Sir

P. G. Egerton, 119.

Paludina aciadaris, 167.

conoidea, 169.

Deccanensis, 167.

normalis, 166.

Pyramis, 167.

Rawest, 169.

SanJceyi, 168.

soluta, 169.

subcylindracea, 168.

Takliensis, 169.

Virapai, 170.

Wapsharei, 167-

Parian formation, newer, 466, 469

;

older, 463, 469.

Parker, W. K, Esq., and T. R. Jones,

Esq., award of the balance of the Do-
nation-fund to, xxvi ; on fossil fora-

minifera from South Australia, 261

;

on the rhizopodal fauna of the Me-
diterranean, 293.

Parry, Capt., and Lieut. Foster, rock-

specimens from Spitzbergen, brought

by, 442.

Passage-beds from the Silurian to the

Old Eed Sandstone, 193.

Paviland Care, 490.

Pea-grit of Gloucestershire, 7, 11.

Peak, Eobinhood's Bay, section at the,

14.

Pebble-bed, formation of a, 349.

Pentiand and Lammermuir Hills, Mr.

A. Geikie on the, 320.

Permian sand-rock near Worksop, 142

;

rocks and trias near Mansfield, 75 ;

Mr. Kirkby on the claim of the, to

be entitled a system, 412.

Perna-bed of the Cotteswolds, 42.

Perna meleagrinoides, 178.

Phaneropleuron Andersoni, 137.

Phillips, John, Esq. (President), Ad-
dress on presenting the Wollaston

Medal to Searles V. Wood, Esq.,

xxv ; address to Mr. T. Rupert Jones

and Mr.W. Kitchen Parker on giving

them the residue of the Wollaston

Donation-fund, xxvi; Anniversary

Address, February 17, I860, xxvii

;

Notices of deceased Fellows:—Mr.
William Anstice, xxvii ; Mr. William

John Broderip, xxvii ; Mr. John
Brown, xxvii; Mr. Joseph Carne,

xxviii ; Earl Cathcart, xxviii ; Dr.

J. G-. Croker, xxviii ; Sir I. L. Gold-
smid, Bart., E.R.S., xxviii; Mr.
William Kennett Loftus, xxviii ; Mr.
David Mushet, xxix; Sir Gr. T.

Staunton, E.R.S., xxix ; Mr. Samuel
Stuchbury, xxix ; Prof. Cleveland,

xxix; Alexander von Humboldt, xxix;

Archduke John of Austria, xxx

;

progress of geology and paleonto-

logy, xxxi
;

palseontological data,

xxxii
;

provinces in space, xxxv

;

provinces in time, xxxvi ; zones of

life, xxxviii ; the distribution of am-
monites, with a table of their dis-

tribution, drawn up by John Phil-

lips, under the direction of William
Smith, in 1817, xli; beds below the

Chalk, xlii
;
palajontological periods,

xiiii ; table of the distribution in

time of certain classes of marine in-

vertebrata, xlv; physiological rela-

tions, xlv ; succession of life, xlviii

;

geological time, 1 ; conversion of

geological into historical time, li;

the gravel of the Valley of the Somme
with worked flints, lii ; conclusion,

lv.

Phillips, Prof. J., on some sections of

the strata near Oxford, 115, 307.

Physa Prinsepii, 173.

Physical geography of the Trias, 74.

Pilbrow, J., Esq., on a well-section

near Gosport, 447.

Pisidium Medlicottianum, 181.

Placodermata, 127.

Planularia panperata, 454.

Platygnathus Jamesoni, 126.

Polyptychodon interruptus, from the

Lower Chalk at Dorking, Prof. Owen
on some remains of, 262.

Polyptychodon, remains of the, from
near Erome, Somerset, 263 ; from
the Upper Greensand near Cam-
bridge, 262, 263 ; from the Green-

sand of Kursk, Russia, 262, 263.

Polystomella craticulata, 306.

crispa, 306.

Polytrema miniacea, 303.

Porcellanite or thermantide, 467.

Prestwich, J., Esq., description ofsome
gravels from Spitzbergen, 438 ; on a

raised beach in Mewslade Bay, and
the occurrence of the boulder-clay

on Cefn-y-bryn, 487 ; on the bone-

cave at Brixham, 189 ; on the pre-

sence of the London Clay in Nor-
folk, as proved by a well-boring at

Yarmouth, 449.
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Provinces in space, xxxv ; in time,

xxxvi.

Psammobia Jonesi, 180.

Pseudoliva elegans, 176.

Pterichthys and Asterolepis, 121, 127.

Ptychognathus cleclivis, 51.

verticalis, 54.

latirostris, 51.

Pupa vetusta, 270.

Pylle Hill, section at, 445.

Quartz-reefs, gold-bearing, of Victoria,

146.

Qiiinqueloculina pulchella, 307.
Schreibersii, 307.

secans, 307.

vulgaris, 307.

Rajamandri, estuarine fossils from, 176.

Rangitote Island, New Zealand, 269.
Raven's Cliff Cavern, 490.

Ravensgate Hill, section of the Inferior

Oolite at the, 39.

Recent and fossil Foraininifera, 292.

Recent shells from Spitzbergen, list of,

437.

Red Marl in Cheshire, 68, 69; in
East Warwickshire, 69.

Report, Annual ; of the Library and
Museum Committee, ii.

' Reptilian eggs, fossils from the Great
Oolite, 107; fossds from South
Africa, Prof. Owen on some, 49

;

remains from Bahia, 268 ; from the
coal-measures of Nova Scotia, 273.

Reptiliferous sandstones near Elgin,

the Rev. W. S. Symonds on the,

458 ; Mr. C. Moore on the, 445.
Rhinoceros remains in England and

Wales, 691.

Rhizopodal fauna of the Mediterra-
nean, Messrs. T. R. Jones and W.
K. Parker, on the, 292.

Robin Hood's Bay, section of the
Inferior Oolite near, 14.

Rock-specimens from Spitsbergen,

collected by Capt. Parry and Lieut.

Poster, 442.

Rodborough Hill, Gloucestershire,

section of the Inferior Oolite at, 44.

Ross and Sutherland, geology of, 215.

Rotalia ammoniformis, 305.

Beccarii, 305.

(Calcarina) Spenglcri, 306.

elegans, 305, 306, 452, 455.

exeavata, 305.

Patella, 306.

(Planorbulina) farcta, 305.

repanda, 305.

Tiu-bo, 306.

vermiculata, 305.

St. Acheul, (lint implements from
the gravel at, 190.

Salter, J. W., Esq., on the fossils

brought from Spitsbergen by Mr.
Lamont, 439.

San Ciri, bone-cave of, 100.

Scotland, Old Red Sandstone of, 312
;

Sir R. I. Murchison, of the geology

of north-western, 215; the drift of

northern, 347.

Section across the gneiss lulls, north
of Bahia, 264 ; the Permian rocks

and Trias near Mansfield, 75 ; at

Aust Cliff, 380 ; Binton, Warwick-
shire, 394; Brockeridge and Def-
ford Commons, 393 ; Coombe Hill

near Cheltenham, 379 ;
Culham,

South of Oxford, 302; Garden
Cliif near Westbury-on-Severn, 378

;

Linksfield, 446
;
Montserrate, South

America, 265 ; Penarth Cliff near
Cardiff, 38

;
Pylle Hill, 445 ; Shire-

oak Colliery, Worksop, 138, 143

;

Street, Somerset, 390 ;
Takli, 158 ;

the Plantain-garden River, Jamai-
ca, 325; Uphill, 445; Wainlode
Cliff on the Severn, 379 ; Wiiui-
cote near Stratford-on-Avon, 386

;

Yarmouth, 450 ; from Broad Ledge
to Cornstone Ledge near Char-
mouth, 405 ; the Cornbrash to the

Miiiepore-bed in Gristhorpe Bay,
Yorkslure, 25 ; the Shireoak Co.-
liery to Killamarsh, 142 ; near Bur-
ton, Bradstock, 47 ; near Bury
Cross, Hampshire, 448 ; Ciren-
cester, 197 ; Telankhedi, 156 ; Wes-
ton-super-Mare, 382

;
Dundry Hill,

21 ; of the Inferior Oolite near
Robin Hood's Bay, Yorkshire, 14 ;

of the junction of the Lias and
Oolite, north of Oxford, 116; of
the Lias near Cheltenham, 408;
Lower Lias at Sa tford, 399; the
Passage-beds at Ledbury, 1<J4

;

Steppe Deposits mar Babel, Bessa-
rabia, 287 ; Steppe Deposits near
Inputeitza, Moldai [a, 286 ; strata
at Kirtlington, north of Oxford,
1 17 ; on the south side of the Da-
nube near Tultcha, 288.

Sections at Lake Raselm, 291, 292

;

at Lyme Regis, 4U0, 404 ; in Van-
couver Island, 2(H); near Nagpur,
];">(>, 158; of Lcsmahago and the
Pentland Dills, .'522

; the drift
and gravel of Aberdeenshire, 351,
352, 357, 359, 361 ; the pneiss
and overlying rocks of the North-
west of Scotland, 217, 220. 2.'54

Inferior Oolilo in Gloucestershire
6, 8, 9, 18, 40, 42, 45", 44 ; Somerset -

shire and Dorset, 34; Steppe De-
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posits in Moldavia, 285, 286 ; strata

near Oxford, 307-

Selwyn, A. E. O, Esq., Notes on the

Geology of Victoria by, 145.

Serpentine of Corycharmaig, 425 ; of

Tuscany, 481.

Serpula-bed at Blue Wick, 4.

Serrania of Venezuela, 463.

Shargan Eiver, gold-mines near, 241.

Shireoak Colliery, Worksop, Messrs.

J. Lancaster and C. C. Wright on the

sinking for coal at, 137.

Siberia, T. W. Atkinson, Esq., on some
bronze relics found in an auriferous

sand in, 241.

Sicily, bone-caves in, 99, 459.

Silurian flora, 279.

Silurian rocks of Lesmahago, 313

;

South Australia, 149 ; the North-
west Highlands, 220.

Smith, W., a table of the distribution

of Ammonites by, xli.

Somme, gravel and flints of the Valley

of the, lii, 190.

South Africa, Professor Owen on some
reptilian fossils from, 49.

South America, fossils from, 263.

South Australia, Mr. Burr on the

geology of, 252 ; the Rev. Julian

E. Woods on some Tertiary rocks

in the colony of, 253.

South-easterly attenuation of the Lower
Secondary rocks, 67.-

South of Scotland, the Old Red Sand-
stone of the, 314.

South Wales, bone-caves of, 487.

Spirillina vivipara, 303.

Spiroloculina iimbata, 307.

Spitzbergen, Mr. J. Lamont on the

geology of, 150, 428.

Spratt, Captain T., on the freshwater

deposits of Bessarabia, Moldavia,

Wallachia, and Bulgaria, 281.

Stigmaria ficoicles, 281.

Stonehouse, Gloucestershire, section of

the Inferior Oolite near, 9.

Stour Eiord in Spitzbergen, 151, 434.

Strata, causes of variations in the per-

sistency of, 78.

Striated rock-surfaces in Scotland, 363.

Succession of life, xlviii ; of the rocks

in the North-west of Sutherland

and Boss, 217.

Succinea Nagpurensis, 171.

Sutherland and Ross, geology of, 215.

Symonds, Rev. W. S., on the passage-

beds from the Tipper Silurian rocks

into the Lower Red Sandstone at

Ledbury, 193 ; on the physical re-

lations of the reptiliferous sand-

stones near Elgin, 458.

Table of recent and fossil Eorami-
nifera from the Mediterranean and
Euxine areas, 302 ; of the fishes of

the bone-bed, 388 ; fossil forami-

nifera from Chellaston near Derby,

457 ; zone of Avicula contorta and
Lower Lias, 376 ;

showing the zones

of the Lower Lias, 411

.

Tabular synopsis of the Mediterranean
Rhizopoda, recent and fossil, 297

;

view of the Inferior Oolite in the

south of England, 5.

Tay at Aberfeldy, section across the,

363.

Taymouth, mineral views of, 425.

Tettina Woodwardi, 180.

Tertiary beds of Vancouver Island,

199 ; with Trap-rock, in the East

Indies, Rev. S. Hislop on the, 154

;

of Victoria, 147; fossils of India,

154; rocks of South Australia, 252,

253.

Thames Valley, probable extension of

the Coal-measures from Warwick-
shire to the, 74.

Thinning-out of the Secondary For-

mation of England, 63.

Thost, C. H. Gr., Esq., on the rocks,

ores, and other minerals on the

property of the Marquess of Bread-

albane in the Highlands of Scotland,

421.

Thousand Islands near Spitzbergen,

152,432.
Time, provinces in, xxxvi; geological, 1.

Tomnadashan Mines, 422.

Tordleadh, section at, 230.

Trap-rock in the East Indies, the Rev.

S. Hislop, on the Tertiary deposits

associated with, 154.

Trias, Mr. E. Hull on the, 69 ; near

Mansfield, 75 ;
physical geographv

of the, 74.

Trigonia composita, 15.

formosa, 41.

producta, 45.

Trigonia-grit of Gloucestershire, 7, 40,

43, 45.

Triloculina reticulata, 307.

Trinidad, Mr. G. P. Wall on the

Geology of, 460.

Triplopterus Pollexfeni, 124.

Trochammina alternans, 304.

charoides, 304.

clavata, 304.

gorclialis, 304.

incerta, 304.

inflata, 305.

"irregularis. 304.

squamata, 305.

Tufa-craters in New Zealand, 246.
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Tummel Valley, section across the,

361.

Tunnel, section of the, at Ledbury,

193.

Turbaco, salses of, 197.

Turin, fossil foraminifera from, 300.

Turritella prcelonga, 177.

Tuscany, fossil foraminifera of, 295, 297,

456 ; Mr. W. P. Jervis, on some
Miocene rocks and minerals of,

480.

Tyndrum, mineral veins of, 425.

Unconformity of the Xeuper and
Bunter Sandstones, 77.

Unio Carteri, 175.

Beccanensis, 174.

Hunter i, 174.

imbrieatus, 175.

Malcolm soni, 174.

mamillatus, 175.

Uphill, near Weston-super-Mare, sec-

tion at, 445.

Upper Lias, attenuation of the, 71.

Uvigerina nodosa, 303.

Vaginulina striata, 302.

Falx, 302.

marginata, 302.

Valley of the Somme, gravel and flints

of the, lii.

Valvata decollata, 171

.

minima, 170.

multicarinata, 170.

unicarinifera, 170.

Valvulina angularis, 305.

Vancouver Island, geology of, 198.

Venetian Alps, Jurassic flora of the,

110.

Venezuela, Mr. G. P. Wall on the

geology of, 4(30.

Verneuilina communis, 303.

Viearya fimformis, 177.

Victoria, Mr. A. R. C. Selwyn on
the geology of, 145.

Vienna Basin, the fossil foraminifera

of the, 296, 300.

Volcanic country of Auckland, New
Zealand, Mr. C. Ileaphy on the,

242.

Wa'den Island, Spitzbergen, 443.

Wallacliia, freshwater deposits of, 281.

Wall, G-. P., Esq., on the geology of a
part of Venezuela and of Trinidad,
4<>0.

Walrus in Spitsbergen, 433.
Warwickshire, cheirotherian footprints

in the Upper Kcuper of, 278 ; Lower

Lias and Bone-bed in, 394; pro-

bable extension of the Coal-measures
from, to the Thames Valley, 74

;

Red Marl in, 69.

Weekes, H., Esq., on the Coal forma-
tion at Auckland, New Zealand, 197.

Well-section at Yarmouth, 449 ; near
G-osport, 448.

Whales, bones of, high and dry in

Spitzbergen, 433.

Wood, Searles V., Esq., award of the

Wollaston Medal to, xxv
;
reply on

receiving the Wollaston Medal, xxv.

Wood, S. V., Esq., jun., on the pro-

bable events which succeeded the

close of the Cretaceous Period, 328.

Woods, the Rev. J. E., on some Ter-
tiary rocks in the colony of South
Australia, 253.

Woodward, S. P., Esq., list of recent

shells from Bessarabia, 290; list

of recent shells from Spitzbergen,

437 ; list of the fossil shells from
the lower freshwater deposits of
Bessarabia, 280, 288.

Wotton-under-Edge, section of the

Inferior Oolite at, 9.

Worksop, sinking for coal near, 137.

Worton, section at, 116.

Wright, C. C, Esq., and J. Lancaster,

Esq., on the sinking for coal at

Shireoak Colliery at Worksop, 137.

Wright, Dr. T.. on the subdivisions of

the Inferior Oolite in the South of
England compared with the equiva-

lent beds of the formation on the

Yorkshire coast, 1 ; on the zone of
Avicula contorta, and the Lower
Lias of the South of England, 374.

Xylobius Sigillarice, 272.

Yarmouth, section of a well-boring at.

450.

Yellow Sandstone of Dura Den, 136.

Yeovil, sections near, 35.

Yorkshire, the Inferior Oolite of, 1.

Zeolites of Tuscany, 482, 48(5.

Zigno, Baron A. de, some observation*

on the Flora of the Oolite by, 110.

Zone of Ammonites Bucklandi, 398;
Am. Humpliriesianus, 17. 19; Am.
Murchisonse, 5 ; Am. obtusus, 404;
Am. oxynotus, 407, 410; Am. pla-

norbis. 3S1) ; Am. ranVosta'us 407;
Am. Turncri, 403 ; Avicula contorta,

Dr. T. Wright on the, 374.

Zones of life, xxxviii.
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